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ABSTRACT 
Desirable genetic variation is required for selection progress and genetic gain in 
plant breeding populations. Genetic variation from exotic germplasm has been proposed to 
improve grain yields in temperate maize {Zea mays L.) breeding programs. Adaptation 
barriers should be overcome in exotic material prior to selection for trait improvement in 
temperate environments, 
Backcross introgression of elite exotic inbreds into temperate breeding material was 
initiated in 1995. Subtropical inbreds from CIMMYT heterotic group A and B were crossed 
to Reid Yellow Dent (RYD) and Lancaster Surecrop (LSC) materials, respectively. 
Objectives were to backcross with the adapted recurrent parent to enhance adaptation, select 
within semi-exotic material per se, and evaluate testcrosses of selected semi-exotic families 
outcrossed to inbreds heterotic to the recurrent parents. Recurrent parents per se and in 
testcrosses were used as checks to measure the effect of the exotic alleles in the backcrosses 
progenies. 
Semi-exotic backcross families (BCIFI), Fls, and recurrent parents were evaluated 
in Iowa during 1996. Adapted flowering in the semi-exotic crosses indicated the absence of 
major genes for lack of adaptation. High parent heterosis for grain yield was 36.7% for the 
RYD-exotic crosses, and 56.6% for the LSC-exotic crosses. Grain moisture, root lodging, 
and stalk lodging increased with increasing percentages of exotic germplasm. 
Semi-exotic BCIFI testcrosses were evaluated in five Iowa environments during 
1998, with average grain yields of 95.7 q ha"' (153.1 bu ac"'). Selected testcrosses had grain 
ix 
yields similar to or greater (p<0.05) than their checks. Grain moisture of selected LSC-
exotic and RYD-exotic testcrosses was similar to and greater, respectively, than the 
recurrent parent testcrosses, and resistance to root and stalk lodging was similar to the 
checks. 
Results support backcross introgression to incorporate alleles from exotic sources, to 
maintain the agronomic traits of the recurrent parent, and to maintain or enhance the 
combining ability of the recurrent parent heterotic pool. Inbred lines developed in 
CIMMYT's hybrid program have been improved for agronomic traits, for tolerance to 
inbreeding, and heterotic alignment. Pre-selected exotic germplasm represents a valuable 
resource for widening the genetic base of temperate maize. 
1 
INTRODUCTION 
Genetic diversity and variability are necessary in maize {Zea mays L.) breeding 
populations to allow for selection progress and future genetic gains. Genetic improvements 
in temperate maize breeding have been achieved within only a small proportion of 
germplasm available worldwide, and insured future genetic gains may require additional 
genetic diversity from other sources. For many years exotic germplasm has been proposed as 
a source to widen the maize genetic base and potentially improve maize grown in the U. S. 
Com Belt (Wellhausen 1956; 1965). Contribution of novel sources of variation for both 
qualitative and quantitative traits from exotic material and the use of recurrent selection to 
increase the frequency of favorable alleles in breeding populations are important factors for 
continued genetic gain (Russell, 1986). 
Barriers to the use of exotic material in adapted environments include unacceptable 
delays in flowering due to photoperiod sensitivity and accompanying high grain moistures at 
harvest time, and severe susceptibility to root and stalk lodging due to less selection 
emphasizing the improvement of these traits (Hallauer, 1978; Goodman, 1985). 
Unacceptable adaptation of exotic material results m lower grain yield and poor agronomic 
performance, which masks the expression of potentially desirable traits in adapted 
envirorunents. Choosing the proper exotic source material has been difficult because tropical 
inbred-hybrid breeding programs to improve tolerance to inbreeding depression, identify 
combining ability patterns, and improve agronomic performance are behind that of U. S. 
inbred-hybrid breeding programs (Goodman, 1985). Elite sources of exotic germplasm that 
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have undergone continuous selection in inbred-hybrid breeding programs may represent the 
best starting material to choose for widening the genetic base of U. S. Com Belt maize. 
In 1995, two temperate inbred lines and six temperate synthetic populations that have 
been under continuous selection in Iowa were sent to CIMMYT to produce crosses and 
backcrosses between elite subtropical inbred lines and temperate lines and populations. The 
temperate germplasm consisted of material from the Reid Yellow Dent (RYD) and Lancaster 
Surecrop (LSC) heterotic pools. The elite temperate populations and inbreds were crossed to 
the improved subtropical inbreds, and backcrosses to the temperate material were produced 
during the 1995-1996 winter seasons in Mexico. F1 crosses and backcross one F1 families 
(BCIFI) were evaluated for adaptation in the U. S. Com Belt in 1996. In 1997, selected 
BCIFI families were testcrossed to testers from the opposite heterotic pool, and BCIFI 
testcrosses were evaluated for grain yield, and other agronomic traits in 1998. 
Backcross irtrogression of exotic material to the adapted recurrent parents was 
ceased, and selection was initiated when acceptable adapted flowering was achieved. The 
use of broad-based synthetic populations as recurrent parent was expected to contribute more 
adapted genetic variation into the semi-exotic breeding material. 
The objectives of this study were to 1) conduct backcross introgression for 
adaptation; 2) practice indirect selection within semi-exotic backcross families per se; 3) 
make direct selections within semi-exotic backcross families outcrossed to testers from the 
opposite heterotic pool; and 4) recombine selected backcross families within the Reid Yellow 
Dent-exotic and Lancaster Surecrop-exotic populations. 
3 
LITERATURE REVIEW 
A vast reservoir of maize genetic diversity exists in public and private breeding 
programs and repositories throughout the world (Wellhausen, 1956; 1965; Goodman et al., 
1990; Salhuana et al., 1998). To date approximately 130 racial complexes of maize have been 
documented (Goodman and Brown, 1988; Hallauer and Miranda, 1988). The distinguishing 
traits of each race are the result of inter-hybridization of progenitor parent races, followed by 
varying degrees of natural and artificial selection, and isolation from other races (Goodman and 
Brown, 1988). 
Among the indigenous races of maize grown during early U. S. agriculture, the highly 
variable U. S. Com Belt Dent race was the most productive, and, consequently, this race 
dominated production. The Com Belt Dent race is the inter-hybridization of the Southern Dent 
and Northern Flint races of the United States (Brown and Anderson, 1948; Goodman and 
Brown, 1988). In the United States, and in most temperate areas of the world, land race 
populations and open-pollinated varieties of maize production have diminished due to the 
acceptance of hybrids. 
Hybrids continue to be developed according to the concepts of inbreeding and 
hybridization set forth by Shull (1909) and East and Jones (1919). The most productive hybrids 
of this centiuy in temperate environments are based on inbreds derived from the U. S. Com Belt 
Dent race. Thus, most temperate maize hybrids include germplasm derived from two 
indigenous races of U. S. Com Belt origin (Goodman and Brown, 1988). Genetic diversity in 
maize germplasm derived from other races and varieties undoubtedly have desirable genes to 
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contribute to improving the U. S. Com Belt Dent race, because no single variety or varietal 
population will contain all the genes that exist in the species (Lonnquist, 1974). 
Sprague (1984) indicated U. S. maize breeders have primarily exploited maize 
germplasm that is limited to two highly variable open-pollinated varieties: Reid Yellow Dent 
(RYD) and Lancaster Surecrop (LSC). The Reid Yellow Dent and Lancaster Surecrop 
varieties were derived from Com Belt Dent and represent only 2% of the total races available 
world-wide (Goodman and Brown, 1988). The genetic diversity of U. S. commercial maize 
is extremely limited when compared with the total variability available in the species (Zuber, 
1975). 
Predominant use of the highly productive Reid Yellow Dent and Lancaster Surecrop 
heterotic pools has been widely adopted in U. S. breeding programs (Sprague, 1984). The 
widespread use of this heterotic complex is the base of virtually all the hybrid maize sold in 
the United States (Mungoma and Pollak, 1988). Genetic diversity concerns initially received 
attention following the transition from double-cross to modem day single-cross hybrids. 
Reduced genetic variability was hypothesized as a result of the reduction of parents involved 
in hybrid production (Hallauer and Miranda, 1988). Troyer et al. (1988) emphasized that 
genetic vulnerability could be reduced by growing different genotypes in a given production 
environment. 
Genetic variability in maize germplasm is required for selection progress to occur 
(Hallauer and Sears, 1972). The more useful germplasm contains genetic variation not 
present in the breeding program. Desirable genetic variation includes variation for increased 
yield, enhanced agronomic performance, and increased resistance to pests and environmental 
stresses. 
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Maize genetic vulnerability concerns became a reality in the 1970's when the 
southern com leaf blight epidemic (incited by Dipolaris maydis (Nisikado) Shoemaker, race 
T) caused significant U. S. yield losses (NAS, 1972; Lonnquist, 1974). Albeit cytoplasmic 
vulnerability of the maize crop was due to production practices, the southern com leaf blight 
epidemic serves as a precedent to the risks associated with the use of similar genotypes or 
cytotypes. Genetic vuhierability concems persist and widening the genetic base of U. S. 
maize may serve as insurance against homogeneity and the potential for future epidemics 
(Troyer and Brown, 1976). Genetic diversity per se, although not a guarantee against 
epiphytotics and genetic vulnerability, can provide maize germplasm with the potential for 
resistance to certain pests and pathogens (Brown, 1983; Geadelmann, 1984). Duvick (1981) 
indicated more genetic diversity is available to maize breeders, in terms of experimental lines 
and hybrids being tested than is portrayed, but there is still a recognized need to widen the 
germplasm base of U. S. maize. 
Recurrent selection is a cyclical selection process that does not introduce new genetic 
diversity, but develops new breeding material by recombining selected parents from the 
previous cycle (Hallauer and Miranda, 1988). Recurrent selection does not create new alleles 
per se, but does create new genetic combinations and increases the frequency of favorable 
alleles (Hallauer and Sears, 1972). Recurrent selection in genetically broad-based synthetic 
populations has been successful in developing inbred lines from Reid Yellow Dent and 
Lancaster Surecrop varieties (Hallauer, 1984; Goodman, 1985). The most productive inbred 
lines were widely accepted as parents of commercial single-cross hybrids throughout the U. S. 
Cora Belt (Sprague, 1971). 
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Maize breeders in private breeding progranxs prefer the use of elite inbred lines 
instead of genetically broad-based synthetic populations for developing new breeding 
material (Bauman, 1981; Darrah and Zuber, 1986). But maize breeders are interested in 
genetically divergent material because their task is to identify parents that when crossed will 
express maximum heterosis and superior hybrids (Mungoma and Pollak, 1988). The use of 
elite adapted parents will achieve short-term breeding objectives with the highest degree of 
certainty (Uhr and Goodman, 1995b.), at the expense of maintaining wider genetic diversity 
within breeding populations. Sprague (1971) indicated breeders are concerned with the 
isolation of superior genotypes, and if these become widely used, genetic diversity is 
reduced. Commercial breeders adhere to the practice of placing new inbreds into families of 
non-divergent related heterotic pools (Troyer and Brown, 1976). Undisrupted heterotic pools 
allow for the crossing of divergent mdividuals that express maximum heterosis (Johnson and 
Hayes. 1940). 
Widespread use of the pedigree method to develop new lines has led to a smaller 
number of unrelated families of lines (Troyer and Brown, 1976). Pedigree selection using 
only derivatives of Reid Yellow Dent and Lancaster Surecrop excludes the use of outside 
diversity (Brown, 1979; Goodman, 1990). Thirty years ago, Sprague (1971) indicated a 
narrowing of the maize genetic base largely because of the increasing dependence upon a few 
elite inbred lines, and the extensive use of recycled inbred lines and backcrossing in inbred 
development. 
Pedigree analysis surveys have reported that the most productive U. S. inbreds have 
been repeatedly recycled using pedigree breeding methods (Sprague, 1971; Zuber, 1975; 
Zuber and Darrah, 1980; Darrah and Zuber, 1986). The more commonly used Lancaster 
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Surecrop inbreds are Mol 7 and Oh43, which are second-cycle derivatives of CI 03 and 
Oh40B respectively (Gerdes and Tracy, 1993). Goodman (1990) reported that second-cycle 
derivatives of B37, B73, and A632 from Reid Yellow Dent are predominant in U. S. 
pedigrees. Biochemical studies using electrophoresis and iso2ymes with chromatography 
analysis have concluded that U. S. hybrids are based on derivatives of relatively few inbred 
lines (Stephen et al., 1987; Smith, 1988). Smith et al. (1992), using restriction fragment 
length polymorphism analysis, arrived at the same conclusion and indicated little evidence of 
non-Com Belt Dent germplasm in modem hybrids. 
Plant breeders are continually challenged to identify new sources of germplasm to 
introduce additional genetic variation to their breeding programs. Genetic variation is 
typically produced by the hybridization of adapted material or by introducing germplasm 
from other sources (Hallauer and Sears, 1972). Genetic variation present in Lancaster 
Surecrop and Reid Yellow Dent has been the foundation for 60 years of genetic improvement 
in maize yields, and currently no evidence suggests a reduction in future improvement 
(Russell, 1991). Genetic progress has been made in a highly productive and relatively 
narrow gene pool, but assured future gains may require additional genetic diversity. 
Exotic maize is usually considered as being of tropical or subtropical in origin 
(Brown, 1953; Wellhausen, 1965). Hallauer (1978) suggested exotic pertains to germplasm 
that is not immediately useful or adapted to the environment of interest. Exotic and adapted 
sources of maize germplasm provide diversity per se to the species (Gracen, 1986). Genetic 
variation due to deleterious genes that reduce productivity are not useful types of variation 
(Duvick, 1981; 1984). Elite sources of exotic germplasm that have undergone continuous 
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selection may represent the best starting material for widening the genetic base of U. S. Com 
Belt maize (Goodman, 1992). 
The use of exotic maize in temperate breeding environments has been suggested for 
more that 50 years (Melhus, 1948). Exotic germplasm has been proposed as a resource to 
widen the genetic base, and potentially improve maize in the U. S. Com Belt (Wellhausen, 
1965; Brown, 1975; Stuber, 1978; Hallauer, 1978; Geadelmann, 1984). The genetic 
variation present in tropical and subtropical maize has been recognized as a potential source 
of new alleles to increase the genetic variation and enhance heterosis (Goodman, 1985). 
New exotic sources may offer genetic variation for resistance to diseases, insects, and stress 
tolerance not currently available in adapted germplasm (Geadelmann, 1984; Albrecht and 
Dudley, 1987). 
A relatively small proportion of U. S. commercial hybrids contain non-U. S. 
germplasm. Surveys in the 1980's indicated less than 1% of the genetic material in U. S. 
hybrids can be traced to exotic germplasm; 4% of the hybrids with non-U. S. material on 
average contain less than 25% exotic parentage (Goodman, 1985). In a recent personal 
communication Goodman has indicated that use of exotic germplasm in the 1990's is 
represented by the 1980 surveys. 
Adverse effects to photoperiod present the greatest barrier to the evaluation and use 
of exotic germplasm in temperate environments (Goodman, 1985). Delayed growth and 
development of photoperiod sensitive exotic material mask the expression of potentially 
desirable traits in adapted environments (Geadelmann, 1984; Albrecht and Dudley, 1987; 
Bonhomme et al., 1994). Use of most exotic germplasm in temperate environments is 
limited due to poor performance (Duvick, 1984). Selection for inbreeding, heterosis, and 
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agronomic performance in exotic material has been less than for U. S. breeding programs 
(Goodman, 1985). Linkages between favorable and unfavorable genes in semi-exotic 
material are difficult to disrupt (Goodman, 1985; Ragot et al., 1995). Goodman (1985) 
indicated there was no adequate basis for choosing the best exotic material to incorporate into 
adapted programs, and information on how adapted exotic varieties cross and combine with 
U. S. Com Belt varieties is limited (Echandi and Hallauer, 1996). The choice of exotic 
material to work with in adapted environments may be more important than the breeding 
method employed (Goodman, 1985). 
Selection for earlier flowering has been used in maize populations as a means of 
adapting temperate and semi-exotic maize to earlier and temperate environments, 
respectively (Troyer and Brown, 1972; 1976; Geadelmann, 1984). Selection for adapted 
flowering habit in adapted by exotic crosses and mass selection in exotic material are two 
procedures used to reduce the effects of photoperiod in the long-day adapted environments 
(Hallauer and Sears, 1972; Holland and Goodman, 1995; Menz and Hallauer, 1997). 
Adaptive selection for earlier flowering is expected to reduce the frequency of poorly 
adapted genotypes and will also be expected to reduce the genetic variation (Moll and Smith, 
1981). Several generations of mild selection and random intermating have been suggested to 
reduce the frequency of poorly adapted genotypes, to provide additional opportunities for 
genetic recombination, and to maintain genetic variation (Hallauer, 1978; Compton et al., 
1979) 
Photoperiod expression increases days to flowering and leaf number in photoperiod 
sensitive maize varieties grown in long-day environments (Kiniry et al., 1983b.; Bonhomme et 
al., 1994). Temperate daylengths greater than 12 hours per day initiate photoperiod expression 
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by delaying tassel initiation in photoperiod sensitive material (Kiniry et al., 1983b.; Ellis et al., 
1992a.). Extremes in photoperiod expression have been reported in both early and late 
flowering maize varieties (Francis, 1972). Considerable genetic differences in responsiveness 
to photoperiod have been reported in adapted and exotic material, with exotic varieties 
showing the greatest sensitivity (Kiniry et al., 1983a.; Russell and Stuber, 1983; Ellis et al., 
1992b.). 
The maize flowering interval is controlled by two genetic components: the base 
maturity measiired in short daylength, and photoperiod sensitivity (Koester et al., 1993). The 
inheritance of photoperiod sensitivity is unresolved (Russell and Stuber, 1983). The genetic 
control of photoperiod has been reported to be quantitative in nature, but controlled by a 
fewer number of genes than base maturity (Francis, 1972; Mungoma and Pollak, 1991). 
Koester et al. (1993), studying quantitative trait loci (QTL) for inheritance of flowering, have 
identified a putative photoperiod response element on chromosome eight, and QTLs for leaf 
number on chromosomes one and eight. 
Bonhomme et al. (1994), studying the flowering habits of diverse maize varieties in 
tropical environments, reported the anthesis to silking interval to be highly correlated with 
photoperiod sensitivity [r=0.62 (p<0.01), 16df]. Lengthened anthesis to silking intervals in 
maize may be a consequence of poor adaptation to longer days (Bonhomme et al., 1994). 
Selection for shorter anthesis to silking interval could be included in pre-adaptive selection 
strategies in exotic material before introduction to temperate environments. 
Exotic germplasm introgressed into adapted maize breeding populations is one 
approach to widening the genetic base, by introducing useful genetic variation and increasing 
the potential for future genetic progress (Hallauer, 1978). Goodman (1965) reported genetic 
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variation in West Indies Composite, consisting of 50% adapted germplasm, relative to 100% 
adapted germplasm of U. S. Com Belt Composite. Genetic variance estimates and predicted 
gains for yield selection were consistently greater for the West Indies Composite compared 
with the U. S. Com Belt Composite (Goodman, 1965). Introgression of exotic germplasm 
into adapted photop>eriod insensitive maize sources has been reported to increase genetic 
variation relative to adapted sources (Albrecht and Dudley, 1987; Crossa and Gardner, 1987; 
Hoffbeck et al., 1995). Most authors have observed greater genetic variability when 
introgressing exotic germplasm into adapted maize in temperate environments (Hallauer, 
1980; Iglesias and Hallauer, 1991; Hainzelin, 1998). 
Mass selection for earlier flowering has been effective in adapting genetically broad-
based exotic maize populations to the U. S. Com Belt (Hallauer and Sears, 1972). To be 
effective, mass selection should screen large populations, with mild selection intensity for 
highly heritable traits, and include random intermating to minimize inbreeding and maximize 
recombination (Hallauer and Miranda, 1988). Mass selection for earlier silking, in 
productive genetically broad-based exotic maize populations, has been successful in the 
adaptation of composites of ETO, Antigua, Tuxpeiio, and Suwan (Hallauer and Smith, 1979; 
Hallauer, 1992; Hallauer, 1994). Greater initial and final plant numbers were used to 
minimize inbreeding, and allowed random mating to disrupt linkage disequilibrium and 
create desirable linkage blocks. Greater genetic variation is expected using exotic 
populations than inbreds derived from exotic populations (Hallauer and Miranda, 1988). 
Selection for earlier flowering and synchronization between silk expression and 
pollen shed in diallel crosses between tropical maize hybrids has led to the successful 
development of inbred lines adapted to the Southern U. S. Com Belt (HoUey and Goodman, 
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1988; Uhr and Goodman, 1995b.). Tropical hybrids were assumed to have genetic 
complementation for photoperiod alleles; thus, introduction of genetic variation for 
photoperiod insensitivity was not required. Holley and Goodman (1988) used 100% tropical 
hybrids as starting material to represent elite germplasm that had undergone inbreeding. 
Selection within crosses between hybrids, however, potentially disrupts the tropical heterotic 
pools the hybrids were exploiting. 
Use of adaptive mass selection implies 100% genetically diverse exotic populations 
selected for adapted flowering (Sinunonds, 1993). Incorporation of exotic germplasm into 
adapted breeding programs using mass selection requires 5 to 10 breeding cycles, and is 
considered a long-term breeding method (Center, 1976; Hallauer, 1994;). Hallauer (1978) 
noted the lack of gene exchange between adapted and exotic germplasm may be a potential 
problem if the wrong choice is made in the exotic population chosen for adaptive selection. 
Barriers to the use of exotic germplasm in temperate breeding diminishes once 
adapted growth and flowering are achieved (Hawbaker et al., 1997). Adapted exotic 
populations are a source of new alleles per se, as breeding material for further introgression 
work, or as the introduction of a potentially new adapted heterotic pool for further widening 
the genetic base of com belt maize. Introgression involves crossing or backcrossing exotic 
germplasm into adapted photoperiod insensitive material (Crossa and Gardner, 1987). 
Hallauer and Sears (1972) crossed Eto Composite and early U. S. Com Belt inbreds and 
random intermated large numbers of plants to develop BS2 Synthetic. Adapted flowering 
was achieved by selection for early silk emergence, which exhibited strong dominance in the 
F1 crosses (Hallauer and Sears, 1972). 
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Introduction of photoperiod insensitive alleles into exotic material having a narrow 
genetic base has been reported by crossing exotic accessions with photoperiod insensitive 
inbreds (Holland and Goodman, 1995). Mo44 was used as a photoperiod insensitive donor in 
crosses with accessions and as starting material for selection to adaptation (Holland and 
Goodman, 1995). Mo44 is unrelated to either the Reid Yellow Dent or Lancaster Surecrop 
heterotic pools, which may result in disruption of combining ability with testers from either 
the Reid Yellow Dent or Lancaster Surecrop heterotic groups. 
Introgression of exotic germplasm into adapted maize material has been used to 
widen the genetic base of U. S. breeding material (Albrecht and Dudley, 1987; Crossa and 
Gardner, 1987; Tracy, 1990). The potential value of semi-exotic material derived from 
introgression of exotic germplasm to improve temperate maize has been demonstrated 
(Nelson, 1972; Gerrish, 1983; Godshalkand Kauffman, 1995; Holland and Goodman, 1995). 
It is unclear what proportion of exotic germplasm to use in introgression, and success is 
variable dependent upon the exotic and adapted material involved (Echandi and Hallauer, 
1996). Studies have suggested 25 to 50% exotic germplasm introgressed into adapted 
populations would permit optimum long-term results in recurrent selection programs 
(Lonnquist, 1974; Dudley, 1984; Geadelmann, 1984; Crossa and Gardner, 1987). 
Simulation and theoretical studies have been conducted to determine the percentage 
of exotic germplasm to introgress into adapted germplasm (Dudley, 1982; Bridges and 
Gardner, 1987). Dudley (1982) in a theoretical study reported the ideal percentage of exotic 
germplasm decreases as the divergence of the parents increases. Bridges and Gardner (1987) 
concluded from a simulation study that one backcross to the adapted parent was better than 
the F2 generation for long-term selection, when a greater number of &vorable alleles 
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originated in the adapted parent. Backcrossing is effective for transferring genes from an 
exotic donor parent to the recurrent adapted parent, where recovery of the recurrent parent 
genotype is desired (Hallauer and Miranda, 1988). Backcross introgression, using recurrent 
parents from a major heterotic group, may also assist in maintaining the recurrent parent's 
heterotic pool. 
Backcrossing of adapted semi-exotic crosses to the recurrent parent has been reported 
to shift means nearer the recurrent parent and to decrease the genetic variation (Hoffbeck et 
al., 1995). Hoffbeck et al. (1995) recommended backcross introgression for short-term 
success when the adapted recurrent parent is superior to the adapted exotic donor parent. 
Backcross introgression of exotics into adapted germplasm is used to alter the proportions of 
adapted to exotic genes in a population. The ideal proportion of exotic germplasm in a 
population depends on the trait of interest, and the weights assigned by the breeder (Albrecht 
and Dudley, 1987). Albrecht and Dudley (1987) concluded when considering yield alone, 
25% exotic is the preferred starting material, which agrees with Wellhausen's (1965) 
recommendation 25 years earlier. Field studies support the use of backcross introgression to 
introduce exotic germplasm into temperate populations (Albrecht and Dudley, 1987; Crossa 
and Gardner, 1987; Iglesias and Hallauer, 1991). Studies indicate 25 and 50% semi-exotic 
populations did not differ significantly for yield, and have greater genetic variability than the 
adapted recurrent populations (Albrecht and Dudley, 1987; Crossa and Gardner, 1987; 
Michelini and Hallauer, 1993). 
Random intermating has been suggested following adapted by exotic crosses, as a 
way to reduce unfavorable linkages (Nelson, 1972; Lonnquist, 1974). Random intermating 
and sib-mating creates additional opportunities for genetic recombination. The formation of 
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desirable recombinant genotypes leads to a reduction of linkage disequilibrium, and 
minimizes inbreeding (Hallauer and Miranda, 1988). Random recombinations from 
intermating may destroy favorable linkage combinations, so the balance between repulsion 
and coupling phase linkages will affect the usefulness of intermating (Hoffbeck et al., 1995). 
Once the barriers to photoperiod are overcome and temperate inbreds are derived 
from tropical material, they are typically later maturing and have higher grain moisture in 
adapted environments (Holley and Goodman, 1988; Uhr and Goodman, 1995 a., b.). The 
temperate adapted tropical varieties BS16, BS27, BS28, and BS29 tended to have 
significantly higher grain moisture, higher ear placement, and poorer root strength in 
temperate environments (Echandi and Hallauer, 1996). Godshalk and Kauffman (1995) 
reported adapted exotic testcrosses had more stalk breakage, more root lodging, and 
significantly more moisture at harvest than adapted hybrids. 
The utilization of exotic maize germplasm has been difficult and slow because of a 
lack of information on the performance of temperate by exotic populations and their heterotic 
patterns (Pollak et al., 1991). Attempts have been made to identify temperate by adapted 
exotic combinations that exhibit heterosis (Gerrish, 1983; Mungoma and Pollak, 1988; Pollak 
et al., 1991; Echandi and Hallauer, 1996). 
Yield increases have been reported in crosses of adapted exotic by adapted varieties 
when compared with the adapted varieties in the environments of the adapted varieties (Moll 
et al. 1962; 1965; Wellhausen, 1965; Mungoma and Pollak, 1988; Michelini and Hallauer, 
1993; Echandi and Hallauer, 1996). Greater yield of crosses between exotic and adapted 
varieties has been attributed to hybrid vigor resulting from genetic diversity among the exotic 
and adapted varieties (Gerrish, 1983; Michelini and Hallauer, 1993). Other studies have 
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shown no immediate positive effect when crossing exotic by adapted gemplasm (Kramer 
and Ullstrup, 1959; Chopra, 1964; Efron and Everett, 1969). Semi-exotic crosses may show 
no positive effects because of the exotic or adapted material chosen, or because of the poorer 
performance of the exotic material (Goodman, 1985). 
U. S. Com Belt varieties and their crosses frequently have greater grain yields than 
adapted exotic varieties and their crosses (Gerrish, 1983; Echandi and Hallauer, 1996). 
Michelini and Hallauer (1993) reported the greatest yielding variety crosses generally 
included no exotic germplasm. Grains yields of adapted exotic crosses lack sufficient 
heterotic response and are seldom equal to Com Belt by Com Belt combinations (Gerrish, 
1983; Holley and Goodman, 1988). The most productive adapted exotic hybrids are 
typically within the LSD (0.05) but rarely exceed the grain yield of U. S. commercial check 
hybrids (Godshalk and Kauffinan, 1995; Holland and Goodman, 1995; Uhr and Goodman, 
1995a.; Echandi and Hallauer, 1996; Menz and Hallauer, 1997). 
The genetic basis of heterosis is not resolved, but at the interallelic level, it is agreed 
that heterosis depends uj)on allelic diversity and some level of dominance (Hallauer and 
Miranda, 1988; Crow, 1998). Moll et al., (1962) indicated heterosis in maize increases up to 
a certain level as the divergence between parents increases, and at higher levels of divergence 
heterosis tends to decrease. 
The expression of heterosis is exploited by maize breeders to identify and improve 
upon existing heterotic patterns. Patemiani and Lonnquist (1963), however, have suggested 
that the magnitude of heterotic response has little meaning itself; heterosis must be 
considered in relation to the final yield level attained. Heterosis measures the extent of 
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diversity among parents (Gerrish, 1983). Greater yielding maize hybrids are a product of 
highly productive parents per se that express adequate heterosis when crossed. 
Diallel analysis for a fixed set of maize parents provides a basis for analysis of 
potential heterotic patterns among a set of crosses and provides information on the general 
performance of each parent and its crosses (Hallauer and Miranda, 1988). Diallel analysis 
allows the partitioning of heterosis into additive genetic effects and dominance genetic 
effects, referred to as general combining ability (GCA) and specific combining ability (SCA). 
Diallel analysis has been used in adapted environments to investigate the heterotic potential 
of adapted exotic material crossed to U. S. Com Belt material (Gerrish, 1983; Mungoma and 
Pollak, 1988; Echandi and Hallauer, 1991; Pollak et al, 1991), and, in exotic environments, to 
identify the heterotic potential of exotic crosses for use in tropical and temperate breeding 
programs (Crossa et al., 1990; Beck et al., 1991). 
Gerrish (1983) indicated the use of temperate-adapted exotic germplasm would allow 
direct evaluation of F1 racial combinations under temperate zone conditions. High parent 
yield heterosis of 12.2% with varietal crosses of adapted Eto Composite (BS16) and adapted 
Tuxpeno Composite (BS28) have been reported in temperate environments, and confirms the 
Tuxpefto-Eto tropical heterotic complex (Echandi and Hallauer, 1996). Menz and Hallauer 
(1997) used reciprocal recurrent selection of adapted Tuxpeflo (BS28) and adapted Suwan 
(BS29) in Iowa environments, and they reported selection enhances yield heterosis in the 
population cross. Tuxpetk) and Suwan represent an important heterotic pattern used in 
tropical maize breeding programs (Menz and Hallauer, 1997). 
Reid Yellow Dent varieties frequently yield better than Lancaster Surecrop varieties 
when crossed to either adapted exotic material or when crossed to non-Reid Yellow Dent 
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adapted material (Oyervides-Garcia et al., 1985; Gutierrez-Gaitan et al., 1986; Holley and 
Goodman, 1988; Mungoma and Pollak, 1988; Michelini and Hallauer, 1993; Echandi and 
Hallauer, 1996). Performance of inbred crosses involving B73 type inbreds indicate inbreds 
from Reid Yellow Dent also express better combining ability for yield than Lancaster 
Surecrop inbreds in crosses with adapted exotic inbreds (Godshalk and Kauffinan, 1995). 
BSSS is a synthetic derivative of Reid Yellow Dent. Genetic studies conducted in 
BSSS have shown BSSS has similar amounts of additive and dominant genetic veiriance for 
yield (Hallauer and Miranda, 1988). Dominance variance is important in the expression of 
heterosis, and may explain the greater yield heterosis in Reid Yellow Dent crosses. 
Tropical hybrids involve the general usage of Tuxpeiio material in highly productive 
tropical heterotic complexes such as Tuxpeno-Eto and Tuxpefio-Suwan (Echandi and Hallauer, 
1996; Menz and Hallauer, 1997). In tropical studies Tuxpeno types have been reported to 
possess higher combining ability for yield, and produce higher yielding hybrids (Patemiani and 
Lormquist, 1963; Crossa etal., 1990). 
Adapted exotic germplasm derived from Tuxpeno produces greater yielding temperate 
hybrids when crossed to adapted germplasm (Mungoma and Pollak, 1988; Echandi and 
Hallauer, 1996). Echandi and Hallauer (1996) reported BS28, a Tuxpefto adapted population, 
exhibited good general combining ability when crossed to Reid Yellow Dent or Lancaster 
Surecrop material, and could be included in either heterotic group. Adapted inbred lines from 
•Tuxpeno have demonstrated higher combining ability with temperate lines derived from B37, 
B73, Oh43, and Mo 17 heterotic pools (Godshalk and Kauffinan, 1995). 
Mungoma and Pollak (1988) reported Mexican Dent transmitted significantly positive 
general combining effects in crosses, indicating a greater frequency of &vorable alleles. The 
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greatest grain yield heterosis reported for adapted exotic material crossed to temperate material 
included crosses of Reid Yellow Dent with Tuxpeflo types (Mungoma and Pollak, 1988; 
Godshalk and Kauffinan, 1995; Echandi and Hallauer, 1996). 
A search of current literature does not indicate the proportion of dominant genetic 
variance present in Tuxpefio populations. However, the positive reports on Tuxpefio heterosis 
and combining ability may infer higher dominant genetic variance, similar to the proportion of 
dominance variance in BSSS. 
The International Maize and Wheat Improvement Center (CIMMYT) initiated hybrid 
maize breeding in 1985 (Vasal, et al., 1986; 1992c.). Information about the combining ability 
and heterotic patterns among CIMMYT tropical and subtropical populations has been reported 
(Becketal., 1991; Vasal et al. 1992a.; 1992b.; 1992c.; 1992d.). Inbreeding is required to 
develop lines for use in inbred-hybrid breeding programs. Promising CIMMYT tropical and 
subtropical populations have undergone selection for tolerance to inbreeding depression (Vasal 
el al., 1995). Selection of S3 lines per se based on grain yield, synchronization of anthesis and 
silking, decreased plant and ear height, and improved standability were effective in increasing 
tolerance to inbreeding depression (Vasal et al., 1995). The acronym "1ST" has been assigned 
to designate the populations as inbred-stress-tolerant. 
Based on inbred testcross data, heterotic groups "A" and "B" have been formed for 
tropical (THG) and subtropical (STHG) material (Vasal et al., 1992c; I992d.). Heterotic group 
A is comprised mostly of dent lines and includes Reid Yellow Dent and Tuxpeilo material, and 
heterotic group B is mostly flint and some semi-dent lines and includes Etc Composite and 
Lancaster Surecrop material (Vasal et al., 1992d.; CIMMYT, 1992). U. S. breeding programs 
will benefit from the heterosis, inbreeding, and combining ability information from CIMMYT 
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germplasm (Parra and Hallauer, 1997). More informed decisions can be made when choosing 
exotic germplasm to incorporate into temperate breeding programs (Hallauer, 1978; Goodman, 
1985). Better performing materials may serve as a useful source of new alleles to further 
increase yield and stability of U. S. Com Belt maize. 
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MATERIALS AND METHODS 
Genetic Materials 
This study includes eight adapted and five subtropical exotic maize germplasm 
sources. The sources include adapted synthetic populations of the most advanced breeding 
cycles available from Iowa Stale University, and the most highly recommended subtropical 
inbreds available from the International Maize and Wheat Improvement Center (CIMMYT). 
Two elite inbreds fromHoIdens Foundation Seeds were used as half-sib testers. A brief 
description of the adapted and exotic germplasm is presented and relevant pedigrees and 
references are given in Tables 1 and 2. 
Adapted materials 
BS10(FR)C11 Synl is a breeding population developed from Iowa Two-eared 
Synthetic that was improved by 11 cycles of reciprocal full-sib selection with BSll(FR) as 
the tester. BSIO has been selected for increased yield, prolificacy, stalk quality, and 
resistance to leaf feeding by first-generation European com borer {Ostrinia nubalis Hiibner 
BSl 1(FR)C11 Synl is a breeding population developed from Pioneer Two-eared 
Composite that was improved by 11 cycles of reciprocal fiill-sib selection with BSl 0(1 
the tester. BSl 1 selection has been for earlier flowering and improved yield, prolific? 
stalk quality. 
BS 13(S)C8 Syn3 is a population developed from Iowa Stiff Stalk Synthetic 
seven cycles of half-sib selection with the double-cross tester Iowa 13, followed b 
cycles of S2-progeny selection. BSl3 is a population that has been useful for the 
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Table 1. Sources of adapted inaize germplasm used in the introgression study. 
Populations Heterotic 
and inbreds Syn.^ pool References 
BS10(FR)C11 I RYD Hallauer et al., 1974 
Echandiand Hallauer, 1996 
BS13(S)C8 3 RYD Hallauer and Smith, 1979 
Holthaus and Lamkey, 1995 
BSSS(R)C13 3 RYD Hallauer et al., 1974 
Echandi and Hallauer, 1996 
373 RYD Russell, 1972 
LH198 RYD MBS, 1998 
BS11(FR)C11 1 LSC Hallauer et al.. 1974 
Echandi and Hallauer, 1996 
BS26(S)C3 3 LSC Hallauer, 1986 
BSCB1(R)C13 3 LSC Hallauer et al., 1974 
Echandi and Hallauer, 1996 
B97 LSC Hallauer et al., 1994 
LH185 LSC MBS, 1998 
^ Number of generations of random intermating conducted in source material. 
U. S. heterotic pools: RYD-Reid Yellow Dent and LSC-Lancaster Surecrop. 
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Table 2. Sources of subtropical maize germplasm used in the introgression study (Hugo 
Cordova, personal communication). 
Heterotic 
Inbred Pedigree Pool ^ 
CML327 P45C6F83-3-1 -B-B-B-B-B A 
G18C19'' G18C19MH100-4-1-1-1-2-B-7-B A 
CML323 P33C2(STE)-102-2-B-2-B-1 -B-B-B B 
CML324 P33C2(STE)-12-l-B-2-B-B-B-B B 
CML328 89[HTSG29-1 /TE YFDMR]#-96-1 -2-B-B-B B 
^ CIMMYT heterotic grouping; A -Tuxpefto Pool, B - non-Tuxpefio Pool. 
** Inbred is not a general CIMMYT inbred release. 
of high yielding lines possessing good combining ability with lines from the Lancaster 
Surecrop background. Selection pressure has been imposed on BS13 for improved grain 
yield, resistance to stalk lodging, euid first-generation European com borer resistance. 
BS26(S)C3 Syn3 is a wide-based maize breeding population derived from 'Lancaster 
Composite', consisting primarily of CI 03 parentage, and it has been evaluated in an S2 half-
sib recurrent selection program with B73xB84 as the tester. Intense selection pressure was 
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used on lines per se and in testcrosses. and lines extracted from BS26 would be expected to 
combine well with lines having Iowa Stiff Stalk Synthetic parentage. 
BSCBl (R)Cl 3 Syn3 is an improved breeding population developed from Iowa Com 
Borer Synthetic No. 1 by reciprocal recurrent selection with BSSS(R) as the tester. BSCBl 
has been improved for yield, lodging resistance, and resistance to first-generation com borer 
leaf feeding. 
BSSS(R)C13 Syn3 is an improved breeding population developed from Iowa Stiff" 
Stalk Synthetic using reciprocal recurrent selection and BSCBl(R) as the tester. BSSS 
selection has been primarily for increased yield, with some progress made for resistance to 
stalk-rot, and first-generation com borer leaf feeding. 
B73 is an inbred line derived from cycle five of Iowa Stiff" Stalk Synthetic 
[BS13(HT)C5] and released in 1972. The inbred per se is high yielding, and in crosses with 
Lancaster Surecrop derived lines it contributes high yields with satisfactory roots and stalks. 
B97 is an inbred developed from cycle nine of Iowa Com Borer Synthetic No. 1, with 
BSSS as the tester. B97 is above average in resistance to first- and second-generation 
European com borer infestation and has excellent stalk strength, above average stay green 
and roots, and excellent combining ability with Iowa Stiff Stalk Synthetic derived lines. 
LH198 is an inbred line developed by crossing recycled lines of B73 and B84. with 
MO 17 type inbreds as half-sib testers. The relative maturity of LH198 is one day earlier than 
B73, and is an elite half-sib tester for screening MO 17 type populations. 
LH185 is an inbred developed by crossing recycled lines of M017 with selfed 
progeny out of Pioneer 3535, using B73 type inbreds as half-sib testers. LH185 matures one 
week earlier than MO 17, and is an elite inbred tester used in screening B73 type populations. 
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The 'Reid Yellow Dent' (RYD) heterotic pool is represented by BSIO, BS13, BSSS, 
B73, and LH198; and the 'Lancaster Surecrop' (LSC) pool is represented by BSl 1, BS26, 
BSCBl, B97, and LH185. RYD and LSC have been the predominant heterotic pools used 
for hybrids grown in the U. S. Com Beh (Smith, 1988; Goodman, 1985; Menzand Hallauer, 
1997). 
Exotic materials 
CML323 and CML324 are inbreds derived from CIMMYT population 33(STE), 
referred to as Amarillo Subtropical, a subtropical-temperate, intermediate maturity, yellow 
flint population with medium to short plant height. Population 33 principally contains 
Argentine (Cateto) flints (Beck et al., 1991). Selection has emphasized improved yield and 
resistance to root lodging and stalk rots. Population 33(STE) is a version of population 33 
selected for tolerance to inbreeding depression. 
CML328 is a subtropical yellow flint inbred developed by CIMMYT. CML328 was 
derived from breeding material possessing resistance to downy mildew (Peronosclerospora 
maydis). 
CML327 is an inbred derived from CIMMYT population 45 (Amarillo Bajio), a 
subtropical-temperate, intermediate maturity, yellow dent population. Selection has 
emphasized decreased plant height, and resistance to root and stalk lodging. Population 45 
has very good plant type and yield potential under subtropical conditions with cooler 
growing conditions. 
Populations 33 and 45 crosses exhibit yield heterosis in subtropical environments. 
Beck et al., (1991) in a study of CIMMYT subtropical heterotic potential reported this to be 
the only cross to express significant positive specific combining ability. 
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G18C19MH100-4-1-1-1-2-B-7-B (G18C19) is an inbred source of resistance to gray 
leaf spot (Cercospora zeae-maydis). G18C19 has not been released as a CML inbred. 
CIMMYT's heterotic group A (Tuxpeflo pool) is represented by CML327, G18C19, 
and heterotic group B (non-Tuxpeno pool) is represented by CML323, CML324, and 
CML328. Tuxpefio and non-Tuxpeiio (ETO, Cateto, and Suwon) types represent major 
heterotic pools used in the tropics (Goodman, 1985; Goodman and Brown, 1988; Menz and 
Hallauer, 1997). 
CIMMYT heterotic group A includes Tuxpefio and Iowa Stiff Stalk Synthetic type 
materials; and heterotic group B includes Eto Composite and Lancaster Surecrop types 
(CIMMYT, 1992; Vasal et aL, 1992d.). Thus, the introgression of exotic group A into 
adapted Reid Yellow Dent populations, and group B into adapted Lancaster Surecrop 
populations was conducted. The alignment of the exotic and adapted heterotic pools is an 
attempt to not disrupt the combining ability of the highly productive U. S. heterotic pools. 
Introgression Schedule 
Initial crosses and backcrosses 
In the summer of 1995, subtropical germplasm introgression of exotic into adapted 
germplasm was initiated in cooperation with CIMMYT. Crosses between the subtropical 
(exotic) inbreds and the adapted U. S. germplasm were produced by CIMMYT near El 
Baton, Mexico and are presented in Table 3. 
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Table 3. Crosses between Reid Yellow Dent and Lancaster Surecrop maize materials and 
Tuxpefio and non-Tuxpefio materials made by CIMMYT in the summer of 1995. 
Reid Yellow Dent 
and 
Tuxpefio crosses 
Lancaster Surecrop 
and 
non-Tuxpeno crosses 
BS]0CFR)C11 xCML327^ 
BS13(S)C8xCML327 ' 
BSSS (R) X CML 327 ^ 
CML327 X B73 
G18C19xB73 
BS11(FR)C11 XCML323' 
BS26(S)C3 X CML323 ' 
BSCBl(R)xCML323^ 
CML323 X B97 
CML324 X B97 
CML328 X B97 
^ Heterogeneous crosses because synthetic populations crossed to inbred lines. 
The crosses (Fl) produced in 1995 were crossed to each respective temperate 
recurrent parent by CIMMYT in Tlaltizapan, Mexico during the winter season of 1995-96. 
In all backcrosses the Fl female parent was assigned a number and maintained separately to 
maintain the heterogeneous Fl family lineage of each backcross population. Recurrent 
parent pollen was bulked across individual plants and flowering dates to produce the Fl 
backcross seed (BCIFI). Bulking of pollen was conducted in an attempt to minimize 
assortive mating. Backcrosses of recurrent parent to Fl, and the number ofBClFl families 
are presented in Table 4. 
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Table 4. Backcrosses with Reid Yellow Dent and Lancaster Surecrop maize materials as 
recurrent parents produced by CIMMYT in the winter of 1995-96. 
Number of BCIFI families 
Reid Yellow Dent and TuxpeAo crosses 
[BS10(FR)C11 xCML327]-BS10(FR)Cll 111 ' 
[BS13(S)C8 X CML327]-BS13(S)C8 104 ' 
[BSSS(R)C13 xCML327]-BSSS(R)C13 80' 
[CML327 X B73]-B73 43 
[G18C19xB73]-B73 56 
Lancaster Surecrop and non-TuxpeAo crosses 
[BSl 1(FR)C11 X CML323]-BS11(FR)C11 80 ' 
[BS26(S)C3 X CML323]-BS26(S)C3 107 ' 
[BSCB1(R)C13 X CML323]-BSCB1(R)C13 82 ' 
[CML323 X B97]-B97 9 
[CML324 X B97]-B97 7 
[CML328 X B97]-B97 15 
^ 100 BCIFI's planned for each cross. 
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Six adapted populations (BSIO, BSll, BS13, BS26,BSCBl, and BSSS), and two 
subtropical inbreds (CML323 and CML327) were initially intended to be included in the 
backcross introgression program. One hundred BCIFI families per population were the 
optimum desired numbers of progeny to evaluate. CIMMYT also conducted five additional 
crosses of the adapted inbreds B73 and B97 with subtropical inbreds (CML323, CML324, 
CML327, CML328, and G18C19), that were added to the study. 
The initial objective of the study was to introgress exotic alleles, by backcrossing, 
into the broad-based Reid Yellow Dent and Lancaster Surecrop heterotic pools, using the six 
synthetic populations. The addition of the unplanned inbred crosses to the study provided 
additional exotic donor sources and exotic cytoplasm. 
Experiment H60522 
The evaluation of F1 and BCIFI families relative to the temperate population or 
inbred check was conducted at the Agronomy and Agricultural Engineering Center, near 
Ames, Iowa, during the summer of 1996. Experiment H60522 was conducted to determine if 
acceptable adaptation to temperate environments had been achieved, or if additional 
backcrossing to the adapted recurrent parent would be required. Days to anthesis (DTP) 
were used as a measure of adaptation. If acceptable adaptation was observed selection would 
be initiated. The material evaluated in H60522 is presented in Table 5. 
Acceptable adaptation was observed in the BClFl's, and muhiple trait selection was 
conducted. The top 20% of BCIFI families were selected using simultaneous independent 
culling of grain yield, grain moisture, stalk lodging, root lodging, and dropped ears. 
30 
Table 5. Origin, source, and number of 757 maize entries evaluated in H60522 at Ames, 
Iowa, 1996. 
Number 
Generation BClFrs Entries ^ 
Reid Yellow Dent/TuxpenoPool 
[BS10xCML327]-BS10 BCIFI Families 111 111 
BS10xCML327 F1 3 
BS10(FR)C11 Pop. Check 5 
[BS13 xCML327]-BS13 BCIFI Families 104 104 
BS13xCML327 F1 3 
BS13(S)C8 Pop. Check 5 
[BSSS X CML327]-BSSS BCIFI Families 77 77 
BSSS X CML327 F1 3 
BSSS(R)C13 Pop. Check 5 
[CML327 X B73]-B73 BCIFI Families 43 43 
CML327 X B73 F1 3 
[G18C19xB73]-B73 BCIFI Families 55 55 
G18C19xB73 F1 3 
373 Inbred Check 5 
Lancaster Surecrop/non-Tuxpeno Pool 
[BSll xCML323]-BSll BCIFI Families 80 80 
BS11XCML323 PI 3 
BS11(FR)C11 Pop. Check 5 
[BS26 X CML323]-BS26 BCIFI Families 107 107 
BS26 X CML323 F1 3 
BS26(S)C3 Pop. Check 5 
[BSCBl xCML323]-BSCBl BCIFI Families 82 82 
BSCBl X CML323 F1 3 
BSCB1(R)C13 Pop. Check 5 
[CML323 X B97]-B97 BCIFI Families 7 7 
CML323 X B97 F1 3 
[CML324 X B97]-B97 BCIFI Families 7 7 
CML324 X 397 PI 3 
[CML328 X B97]-B97 BCIFI Families 11 11 
CML328 X 397 F1 3 
397 Inbred Check 5 
^ Check and F1 entries duplicated. 
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Hybrid testcross production 
In 1997, remnant seed of selected BCIFI families and recunent parents were 
outcrossed to the opposite heterotic pool tester (LH185 or LH198). Recurrent parent 
testcrosses were produced to use as check entries. The elite line testers LH185 (LSC) and 
LHI98 (RYD) were outcrossed to RYD and LSC BCIFI's, respectively, to produce half-sib 
seed. Testcross isolation, with appropriate distance isolation (200 m) from other maize, was 
conducted in isolation fields located at the Animal Science Farm near Ames, Iowa. 
Experiment H80022 
Yield and agronomic evaluations of 25% exotic BClFls outcrossed to inbred testers 
(half-sib evaluation) were conducted in 1998 at five Iowa locations. Testcross progenies 
evaluated in H80022 are presented in Table 6. Individual BCIFI families were full-sib 
mated (within families) in the nursery to regenerate seed quantities of the semi-exotic 
material in yield evaluation. 
Selection was conducted within Reid Yellow Dent/Tuxpeiio and Lancaster 
Surecrop/non-Tuxpefio testcrosses to increase the overall yield and agronomic performance 
of each heterotic pool in crosses. The top 20% of testcrosses from each heterotic pool were 
selected according to an index value composed of grain yield, grain moisture, and resistance 
to stalk and root lodging that were weighted by the repeatability of each trait. Smith et al. 
(1981) have suggested the use of an index based on heritability estimated from the combined 
analysis of evaluation trials. Lacking a proper reference population structure in this study, 
repeatabilities rather than heritabilities were used as index weights. A summary of the 
introgression schedule is presented in Table 7. 
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Table 6. Origin, testers, and number of maize entries evaluated in H80022 at five Iowa 
locations in 1998. 
Reid Yellow Dent Number of Testcrosses 
Tuxpeno Pool Tester Hybrid Hybrids Entries ^ 
[BS10xCML327]-BS10 LH185 BCIFI Testcross 15 15 
[BS13 xCML327]-BS13 LH185 BCIFI Testcross 21 21 
[BSSS X CML3271-BSSS LH185 BCIFI Testcross 23 23 
[CML327 X B73]-B73 LH185 BCIFI Testcross 9 9 
[G18C19xB73]-B73 LH185 BCIFI Testcross 12 12 
BS10(FR)C1I LH185 Pop. Check 3 
BS13(S)C8 LHI85 Pop. Check 3 
BSSS(R)C13 LH185 Pop. Check 3 
B73 LH185 Inbred Check 3 
Lancaster Surecrop 
non-Tuxpefio Pool 
[BSll xCML323]-BSll LH198 BCIFI Testcross 26 26 
[BS26 X CML323J-BS26 LH198 BCIFI Testcross 8 8 
[BSCBl xCML323]-BSCBl LH198 BCIFI Testcross 20 20 
[CML323 X B97]-B97 LH198 BCIFI Testcross 4 4 
[CML324 X B97]-B97 LH198 BCIFI Testcross 1 1 
[CML328 X B97]-B97 LH198 BCIFI Testcross 3 3 
BS11(FR)C11 LH198 Pop. Check 3 
BS26(S)C3 LH198 Pop. Check 3 
BSCB1(R)C13 LH198 Pop. Check 3 
B97 LH198 Inbred Check 3 
LH198xLH185 Elite Check 3 
^ Check entries duplicated 
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Table 7. Introgression schedule for producing the crosses and backcrosses and the evaluation 
of backcrosses and testcrosses for Iowa and CIMMYT maize populations and lines. 
Season Activity ^ Station 
Summer, 1995 Introgression Cross (TPl x EDP2 = Fl) CIMMYT 
Winter, 1995 Backcross (Fl xTPl =BC1F1) CIMMYT 
Summer, 1996 TPl, Fl, BCIFI Family Evaluation I. S. U. - Exp. 60522 
Summer. 1997 Testcross Production (BCIFI xBSSS) 
(BCIFI xLSC) 
I. S. U.-LH198 Isolation 
I. S. U.-LH185 Isolation 
Summer, 1998 Testcross Evaluation 
BCIFI full-sib increase 
I. S. U. - Exp. 80022 
I. S. U. - Breeding Nursery 
^ TPl = Temperate Parent 1, EDP2 = Exotic Donor Parent 2, and Tester = LH198 representing Reid Yellow 
Dent, or LH185 representing Lancaster Surecrop. 
Evaluation and Field Procedures 
Experiment H60522 
The genetic materials listed in Table 5 were evaluated in 1996 at the Agronomy and 
Agricultural Engineering Center, near Ames, Iowa. All entries were evaluated in a single-
row plot, 3.81 m. (12.5 ft.) long with 0.76 m. (30 in.) between rows, and two replications in a 
randomized complete block design. Generation levels (adapted parent, F1, and BClF1) and 
BCIFI populations were randomized separately (restricted) and assigned to experimental 
units within replications in a stratified fashion, resulting in a generations and population 
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within replications design. This design was used to minimize interaction between genotypes 
and different levels of exotic parentage (Hallauer and Miranda, 1988). Duplicate check and 
Fl entries were considered as separate entries, and the duplicate entries were averaged to 
obtain greater precision on the estimates of their performance. All plots were machine-
planted with 18 kernels, for an unthinned, unadjusted perfect stand of 62,000 plants ha '. 
Conventional tillage, fertilization, and weed control were used for the experimental area. 
Each plot was machine-harvested with no gleaning of dropped ears or ears on lodged plants. 
Data were collected for experiment H60522 on a plot basis for stand (% of the 
number of plants plot"' relative to kernels planted), root lodging (% of plants leaning 30° or 
more from vertical), stalk lodging (% of plants broken at or below uppermost ear node), 
dropped ears (% of ears detached from plant), grain yield (converted to quintals ha"' adjusted 
to 15.5% grain moisture), and grain moisture (%). Seedling vigor was recorded at the V5 
stage, on a 1 to 9 (one good) subjective basis (Ritchie et al., 1989). Days to pollen were 
recorded as the number of days from planting to 50% of plants shedding pollen. Entry means 
were used for statistical analysis of these traits. 
Experiment H80022 
The genetic materials listed in Table 6 were evaluated for yield and agronomic traits 
in 1998 at five Iowa locations; three Iowa State University locations (Ames, Ankeny, and 
Lewis), and two Cargill locations (Grirmell and Davenport). The 169 entries were evaluated 
in two-row plots 5.49 m. (18 ft.) long, with 0.76 m. (30 in.) between rows, and two 
replications location'' in a 13x13 simple lattice design. The experiments were machine 
planted at a density greater than optimum and at V5 to V6 thinned to final stands (50 plants 
plot"') of approximately 59,760 plants ha"'. Lower stand densities were used because 
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considerable stalk lodging was anticipated. Conventional tillage, fertilization, and weed 
control were used at each location. All plots were machine-planted and machine-harvested. 
Data were collected from all experiments on a plot basis for stand (% of the number of 
plants plot"' relative to 59,760 plants ha"'), root lodging (% of plants leaning more than 30° 
from vertical), stalk lodging (% of plants broken at upper ear node or below), dropped ears (% 
of ears on ground at harvest), grain yield (quintals ha"', adjusted to 15.5% grain moisture), and 
grain moisture (%) at harvest. Flowering dates were recorded as the number of days from 
planting to 50% of plants shedding pollen and to 50% of plants with visible silks at Ames and 
Grinnell. Plant height (cm, measured from ground level to the base of the flag leaf) and ear 
height (cm, measured from ground level to upper ear node) were recorded at Ames and 
Ankeny as the average of measurements on five competitive plants plot"'. Test weight (g kg"', 
adjusted to 15.5% grain moisture) was recorded at Grinnell and Davenport. Entry means were 
used for statistical analysis of these traits. 
Statistical Analysis 
Experiment H60522 
This experiment was conducted in a randomized complete block design (RCBD) with 
757 entries and two replications in one environment. The statistical model used for the 
analysis of variance was performed for each character using the following linear model: 
Yjj p. + Rj + Gj + Ejj, 
where 
Yij = observed value of the ij*^ plot. 
36 
= observed experiment mean, 
Rj = effect of the i"^ replication, i=I,2, 
G j  =  e f f e c t  o f  t h e  j " '  g e n o t y p e ,  j  =  I .  . n ,  
e,j = experimental error, and 
e,j ~ NID(0, CT^). 
The analysis of variance and the expected mean squares (EMS) for the model are 
shown in Table 8. Replication and genotype effects were considered as random in the 
analysis. In the first analysis selection was conducted within each BCIFl population, and 
genotypic means for all traits measured were used to make orthogonal partitions of each 
genotype effect and its corresponding error. This partition was made because it was expected 
that different error terms might be associated with different levels of inbreeding and across 
different BClFl populations. Analysis of homogeneity of error tests indicated pooling of 
errors was appropriate, and pooled error was used in the final analysis. 
Table 8. Analysis of variance for experiment H60522 conducted at Ames, Iowa, 1996. 
Replications and genotypes are random effects for the expected mean squares 
(EMS). 
Source of varation df' EMS 
Replications 
Genotypes 
Experimental error 
Total 
r-1 
g-1 
(r-l)(g-l) 
rg- 1 
^ r = number of replications, and g = number of genotypes. 
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Heterosis 
High parent heterosis (HHP) was calculated for all traits within each BCIFI population 
for experiment H60522, using the following formula: 
Hhp(%) = [(F1 -P1)/P1]x100, 
where 
F1 = observed mean of Fl. and 
PI = observed mean of adapted parent. 
Averages of high parent heterosis, within BCl Fl populations, and for the Reid Yellow 
Dent/Tuxpefio and Lancaster Surecrop/non-Tuxpefto heterotic pools were also calculated. 
Inbreeding depression 
Inbreeding depression (IBD) was calculated in experiment H60522 for all traits in each 
BCIFI population, and as an average of the Reid Yellow Dent/Tuxpefio and Lancaster 
Surecrop/non-Tuxpeno heterotic pools using the formula; 
IBD(%) = [(BCIFI -F1)/F1] x 100, 
where 
BCIFI = observed mean of BCIFI progeny, and 
Fl = observed mean of FL 
Average inbreeding depression within BCIFI populations and for the Reid Yellow 
Dent/Tuxpefio and Lancaster Surecrop/non-Tuxpeno heterotic pools was also calculated. 
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Experiment H80022 
This experiment was conducted in a 13 x 13 partially balanced simple lattice design, 
with 169 entries and two replications at five environments. Data collected on each character 
were first analyzed at each environment using the following linear model: 
Yjjk ~ Ijj Gk + Ejjlt, 
where 
Yijk = observed value of the ijlc"* plot, 
^ = the observed experiment mean, 
Ri = effect of the i"' replication, i = 1,2, 
lij = effect of the j"' incomplete block within the i"' replication, j = 1,.. 13, 
Gk = effect of the k"** genotype, k = 1,.. 169, 
Sjjk = the intra-block error associated with the ijk"" observation, and 
Sjjk ~ NID(0, ff"). 
Table 9 includes the analysis of variance and expected mean squares (EMS) of this 
model. Replication, incomplete block, and genotype effects were considered as random 
effects in the model. Entry, means were analyzed, and adjusted treatment means for all traits 
measured are reported. 
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Table 9. Analysis of variance for experiment H80022, a partially balanced simple lattice 
design conducted in one environment. 
Source of variation df^ EMS 
Replications (reps) r-1 
Genotypes 
Unadjusted k^-1 
Adjusted CT ^ + r Og' 
Blocks/reps r(k.l) 
Error 
RCBD (r-l)(k^-l) 
Intra-block (r-l)( k'-l).r(k-l) a ^  
Total rk--l 
^ r = number of rqilications, and k = number of entries per incomplete block. 
Randomized complete block design. 
The following model was used in the combined analysis of H80022, across five 
environments: 
Yjjki = n + Ej + Rij + Ijjk + G| +GEii + Eijki, 
where 
Yijki = observed value of the iikl"* plot, 
|a = the observed mean over all replications and environments, 
E, = effect of the i"* environment, i = 1,..5, 
Rij= effect of the j''* replication within the i"* environment, j = 1,2, 
Ijjk = effect of the k*** incomplete block within the j*** replication 
in the i"* environment, k = 1,..13, 
Gi = effect of the l*** genotype, 1 = 1,..169, 
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GEii = interaction of the i"' environment with the l"' entry, 
Eijki = the intra-block error associated with the ijkl"' plot, and 
Eijki - N1D(0, a^). 
The combined analysis of variance, computed with adjusted entry means, is shown in 
Table 10. All effects were considered as random in the model. Tests of homogeneity of 
errors for all environments indicated pooling of errors was appropriate. Pooled effective error 
Table 10. Combined analysis of variance for experiment H80022 for a partially balanced 
simple lattice design conducted in five Iowa environments. 
Source of variation df^I^ EMS 
Environments (Env) e-1 
Replications (reps)/Env e(r-l) 
Genotypes (Gen.) 
Unadjusted k^-1 
J . J  ' > 1 2  Adjusted cr " + r age + re cTg 
Blocks/reps/Env er(k-1) 
Env X Gen 
Unadjusted (e-l)(k*-l) 
Adjusted a" + r Oge* 
Pooled error 
RCBD e(r-l)( k'-l) 
Effective (approx.) a' 
Intra-block e(r-1)( k^-1 )-e(k-1) 
Total erk^-1 
^ e = numljer of environments, r = number of replications, and k = number of entries per incomplete block. 
Randomized complete block design. 
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mean squares were used to test for significance of genotype by environment interaction, and 
the genotype mean squares were tested with the genotype by environment interaction mean 
squares. 
In experiments H60522 and H80022, means were compared for all traits by using the 
least significant difference test (LSD). LSD was calculated using the following formula: 
LSD (a =o.o5,df.) t* (2a Vn)"^, 
where 
t* = tabular t value for the appropriate level of significance and degrees of 
freedom, 
= estimate of effective error vaiance, and 
n = number of observations included in the mean. 
Least significant differences were calculated at the a = 0.05 level of significance. Fisher's 
protected LSD was used to detect differences in all pairwise comparisons, after F-tests for a 
trait were determined to be significant at the a = 0.05 level of significance (Steel and Torrie, 
1980). 
Phenotypic correlations 
Estimates of phenotypic correlations were obtained to fiirther examine the associations 
between traits. Analysis of covariance was computed on all traits in the final analysis of both 
experiments. Estimates of the components of covariance were obtained as linear functions of 
mean cross products. The expectation of cross products has been shown to be the same as the 
expectation for mean squares; thus covariance components and the individual trait variances 
were used to calculate correlation coefficients (Mode and Robinson, 1959). 
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Multiple phenotypic (r p^y) correlations between all pairs of traits, X and Y, for each 
experiment were calculated using the following formula: 
r Pxy = (cy Gxy + CT xy) / [(C ^ ^ x)( CT ^Gy + CF , 
where 
a Gxy = the genetic covariance estimate between traits X and Y, 
CT xY = the error covariance estimate between traits X and Y, 
o ^ Gx = the genetic variance estimate for trait X, 
a ^ x -  t h e  e r r o r  v a r i a n c e  e s t i m a t e  f o r  t r a i t  X ,  
CT ^Gy = the genetic variance for trait Y, and 
o\ = the error variance for trait Y. 
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RESULTS AND DISCUSSION 
Improved grain yield, due to favorable alleles donated from exotic material and 
incorporated into adapted materia], was the primary trait of interest for this introgression 
study. Backcrossing has been successful incorporating major genes for disease resistance, 
from exotic to adapted material (Van Schaik and Le Roux, 1959). Backcrossing has been 
suggested for introgressing exotic quantitative traits and for disease and pest resistance into 
temperate germplasm (Kim et al., 1988). Variable and often disappointing levels of success 
have been reported for the introgression of exotic yield factors into adapted material, with 
increasing percentages of exotic parentage having lower grain yield and unacceptable root 
lodging, stalk lodging, and grain moisture (Albrecht and Dudley, 1987; Hoffbeck et al., 
1995). 
Experiment H60522 
The 1996 growing season began with a cool wet spring, and early maize planting 
progressed slowly. Experiment H60522 was planted May 17 and progressed rapidly, with a 
resultant vegetative growth rate similar to maize planted one month earlier. The remainder 
of the season was typical for Iowa environments. 
The objective of this experiment was to compare BCIFI and F1 flowering habit, as 
measured by days to pollen, relative to the recurrent parent as a measure of adaptation. 
Initially, single-treiit selection, using days to pollen as selection criteria, was intended to be 
conducted to select the top BCIFI families per se (SI=20%) within each heterotic group. 
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BCIFI and F1 anthesis began on July 29 and was completed by August 12, overlapping the 
anthesis times of the recurrent-parents. Adapted flowering expression in F1 and BCl F1 
families resulted in changing the selection criteria from single-trait to multiple-trait selection 
to include yield and other agronomic traits. Selection of BC1F1 material represents an 
indirect response to selection, whereas direct response would involve evaluation of BCl F1 
material outcrossed to material from the opposite heterotic pool. 
Average trait means for the population checks, F1 's, and backcrosses within each 
heterotic pool are shown on Table 11, and average trait means for the inbred checks, F1 's, 
and backcrosses are shown on Table 12. Overall trait means weighted by population parents 
and inbred parents are presented due to unequal number of BCIFI progenies per cross. 
Standard errors for each trait were considered the same for all populations because the pooled 
error was used. 
Expression of days to pollen generally increased linearly with increasing percentages 
of exotic material (Tables 11 and 12). Longer days to pollen were most pronounced in the 
Reid Yellow Dent crosses of BSl 0, BS13, BSSS, and B73 with the CML327 donor parent, 
which averaged 1.3 to 3.3 days later than the adapted parent checks. The Reid Yellow Dent 
crosses of B73 and the G18C19 exotic donor parent expressed 1.2 fewer days to pollen than 
the B73 check, indicating either the presence of dominant genes or the exotic donation of 
early anthesis genes for this trait. The standard error of a mean for days to pollen was 0.7 
day. 
Days to pollen for Lancaster Surecrop crosses were similar (2.1 days earlier to 0.9 
days later) to the recurrent parent checks, and earlier than the Reid Yellow Dent crosses. 
Table 11. Means of population checks, population crosses, and population backcrosses for yield and seven agronomic traits 
evaluated in Experiment H60522 in Ames, Iowa, 1996. 
Population 
Days to Root 
Yield Moisture pollen Vigor Stand lodging 
Stalk Dropped 
lodging ears Jllz 
Reid Yellow Dent 
q/ha % no. 1-9 - % -
[BSIO(FR)C11XCML327]-BSIO(FR)Cll 52. ,8 27. 6 81. ,0 4 . ,0 93 . 8 45. ,2 38 . 5 0. ,4 222 
BSIO(FR)CllxCML327 54 , .8 29. 6 82 . ,7 3 . 5 87 . ,0 48. ,0 39 .0 1. ,1 6 
BSIO(PR)Cll check 63 . 9 22 . 5 77. 7 3 . 8 93 . . 3 4 . . 3 29 . 7 1. . 9 10 
[BS13(S)C8xCML327]-BS13(S)C8 60 . , 1 29 . . 5 80. , 1 3 . .8 94 . , 9 5 . , 7 22 . 3 0 , .8 208 
BS13{S)C8xCML327 65. ,5 31. 9 82 , .3 3, 7 90, .7 40, .9 32 .0 0 , .0 6 
BS13(S)C8 check 57, .1 26, .9 78, ,1 4 , .4 89, ,4 2, .6 18 . 1 0, .8 10 
(BSSS(R)C13XCML327]-BBSS(R)C13 54 , 8 28. , 1 80, .0 3, .9 92 , 4 4 , . 7 20 .5 1, . 1 154 
BSSS(R)C13xCML327 64 , .6 30, .2 83 , .5 3 .8 92, .6 27 , .5 36 .3 1, .0 6 
BSSS{R)C13 -check 48 . 6 24 , 0 77 , .4 4 , .4 90, .5 0. 6 16 .0 2 , .8 10 
Lancaster Surecrop 
[BSll(FR)CllxCML323]-BSll(FR)Cll 60, .4 24 , 0 76, .8 3 , .4 92 , 8 34 , .4 29 . 0 0, .2 160 
BSll(FR)C11XCML323 69, .2 27, . 1 78, .5 3, .2 92 , .6 52, ,9 31 .3 0, .0 6 
BSll(FR)Cll check 57, , 9 21, .9 77 , .6 3 , .7 97, ,2 11, .8 19 .2 0, .0 10 
[BS26(S)C3xCML323]-BS26(S)C3 45 , .6 26 , . 3 78 , .2 3 . 8 93 .2 23 . 9 51 .3 1, 8 214 
BS26(S)C3xCML323 59 .5 28, .0 79 .0 3 .5 88 .0 77 .3 45 . 9 1, .1 6 
BS26(S)C3 check 42 ,0 26 .0 77 , .3 4 . 1 91 .7 4 . 1 33 .6 1, .3 10 
(BSCBl(R)C13XCML323]-BSCBl(R)013 57 . 9 26 .4 78 . 3 4 .0 92 . 6 61 . 7 17 , 3 0 .2 164 
BSCBl(R)C13XCML323 66 . 7 27 ,  2 78 . 0 3 . 5 93 . 5 74 , .4 25 .5 0 , . 0 6 
BSCBl(R)013 check 53 . 5 26 , 5 78 . 5 4 . 5 91 . 1 29 . 5 8 . 7 0 . 0 10 
Weighted Average 55 . 1 27 , . 0 79 . 1 3 . 9 93 . 2 28 . 9 30 . 6 0 . 8 
Standard error (n=6) 3 . 99 0 .67 0 . 73 0 .27 3 .07 8 .23 5 .48 1 .24 
Standard error (n=lO) 3 . 09 0 . 52 0 . 56 0 .21 2 .38 6 . 37 4 .25 0 . 96 
'number of plots per mean. 
Table 12. Means of inbred checks, inbred crosses, and inbred backcrosses for yield and seven agronomic traits evaluated in 
Experiment H60522 in Ames, Iowa, 1996. 
Population 
Days to Root Stalk Dropped 
Yield Moisture pollen Vigor Stand lodging lodging ears 
Reid Yellow Dent 
q/ha no. 1-9 
[CML327XB73]-B73 
CML327XB73 
51.7 
58.3 
28.8 
30.8 
82 .5 
8 2  .  8  
4 . 0 
3.7 
92 .2 
96 . 3 
10 . 7 
56.3 
26 . 5 
29 . 3 
4 . 1 
3.9 
86 
6 
[G18(C19)MH100xB73]-B73 
G18(C19)MH100XB73 
51.5 
58 . 4 
25.9 
27 . 7 
8 0 . 0  
78 . 0 
3 . 9 
3.7 
93.1 
87 . 0 
6 . 8  
47 .1 
29. 6 
28 . 5 
3.0 
3 . 2 
110 
6 
B73 check 33.4 22.4 8 1 . 2  4.8 8 2 . 1  0.3 29.0 0 . 0  10 
Lancaster Surecrop 
(CML323XB97]-B97 
CML323XB97 
56 . 0 
68.9 
25.6 
28.4 
78 .1 
79.5 
3 . 9 
3.2 
90 . 1 
96.3 
58 . 0 
93 . 1 
17.6 
36 . 9 
0 . 0 
0 . 0 
14 
6 
(CML324XB97]-B97 
CML324XB97 
38.3 
47 . 8 
2 6  .  0  
30.4 
79.9 
81.3 
3.4 
3.5 
92.9 
91.7 
58.9 
19.7 
11.1 
9.9 
0 . 0  
9.3 
14 
6 
[CML328XB97]-B97 
CML328XB97 
48.0 
6 2  .  1  
27 .0 
30.3 
79. 9 
82.0 
3 . 9 
4.3 
92 .4 
90.7 
48.2 
38.6 
20.5 
21.0 
0 . 0  
6.3 
22 
6 
B97 check 32 . 3 25.8 80.3 5.5 80.3 38.4 15.1 0 . 0  10 
Weighted Average 
Standard error {n=6) 
Standard error (n=10) 
49.4 
3 . 99 
3 . 09 
26 . 9 
0.67 
0 . 52 
80.7 
0 .73 
0 . 56 
4 . 0 
0.27 
0.21 
91. 1 
3 . 07 
2 . 38 
21.2 
8.23 
6.37 
25.4 
5.48 
4.25 
2 . 6 
1.24 
0 . 96 
' number o£ plots per mean. 
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The BCl F1 cross of B97 with exotic donor CML323 required 2.1 fewer days to pollen than 
its F1 or recurrent parent check, but the BCIFI mean estimate was based on a smaller sample 
of families. The earlier observed days to pollen in the Lancaster Surecrop crosses may 
indicate the effects of more fiilly adapted exotic alleles from the donor parents. 
These resuhs indicate that major genes for lack of adaptation to temperate 
environments were not prevalent in the exotic source material used in this study. Days to 
pollen expression were used to verify the adaptation of the BCIFI families perse. 
Overcoming the barriers to adaptation in these semi-exotic BCl F1 families allowed for 
multiple trait screening, across and within, all segregating BCIFI families. With adaptation 
achieved, exotic material may then express full genetic potential for yield and other 
agronomic traits in Iowa envirorunents. 
Grain yield ofBSll, BS13, BS26, BSCBl, BSSS, B73, and B97 crosses containing 
either 50% (Fl) or 25% (BCIFI) exotic material had average grain yields that were 2.5 to 
36.6 q ha"' greater than the adapted checks. Average grain yields are presented in Tables 11 
and 12, and the standard error of a mean for grain yield is 4.0 q ha"'. BSIO crosses for Fl 
and BCIFI had average grain yieldsof9.1 and 11.1 q ha"' less, respectively, than the adapted 
recurrent parent population. The range of differences in average grain yield of crosses and 
check parents was 6.0 to 36.6 q ha"' for inbred crosses, and -11.1 to 17.5 q ha"' for 
population crosses. 
The Fls for all sets of crosses had nonsignificantly higher average grain yields (47.8 
to 69.2 q ha"') than the grain yields of their respective BCIFI crosses (38.3 to 60.4 q ha*') 
containing 25% exotic material. Michelini and Hallauer (1993), working with partially 
adapted exotic populations, also reported nonsignificantly higher yields for crosses with 50% 
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versus 25% exotic germplasm, at lower yield levels than adapted crosses. These results 
suggest, once adaptation problems are overcome, entire semi-exotic populations of BCl F1 
families can be sampled and selected for improved grain yield, and that backcrossing to the 
adapted recurrent parent may dilute the effects of favorable exotic yield alleles. 
Percentage grain moisture for all crosses and checks is presented in Tables 11 and 12, 
and the standard error of a mean for grain moisture was 0.7%. F1 crosses expressed higher 
average grain moistures of 27.1 to 31.9% than the adapted parent checks (21.9 to 26.9%) and 
the BCIFI crosses (24.0 to 29.5%). BSIO, BSl 1, BS13, BSSS, and B73 backcrosses with 
25% exotic material had higher grain moisture differences (2.1 to 6.4%) relative to the 
checks. BS26, BSCBl, and B97 backcrosses expressed grain moisture differences similar 
(-0.2 to 1.2%) to the recurrent parent checks. 
The grain moisture results indicate backcrossing will assist in decreasing the 
percentage of grain moisture in semi-exotic populations by shifting moisture values towards 
that of the recurrent parent. Results of the independent traits of grain moisture and days to 
pollen strongly suggest the non-Tuxpeiio exotic source material is either more adapted to 
temperate environments or has earlier flowering than the Tuxpeilo exotic source material. 
Average expression of root lodging and stalk lodging increased linearly as exotic 
germplasm proportions increased from 25 to 50%, indicating backcrossing assists in lowering 
lodging values of exotic introgression populations. Stalk lodging and root lodging means are 
presented in Tables 11 and 12, and the standard enor of the mean for root lodging is 8.2% 
and for stalk lodging is 5.5%. Reid Yellow Dent F1 crosses expressed 42.3% more root 
lodging than the adapted parent checks, and the Lancaster Surecrop F1 crosses had 32.6% 
more root lodging than their checks. Lancaster Surecrop F1 crosses had 15.3% more staUc 
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lodging than adapted parent checks, and the Reid Yellow Dent F1 crosses expressed 8.5% 
more susceptibility to stalk lodgmg than the RYD checks. 
Root lodging and stalk lodging results suggest, for the material in this introgression 
study, Tuxpefio material contributed more susceptibility to root lodging and non-Tuxpeflo 
material contributed more susceptibility to stalk lodging. Godshalk and Kauffmann (1995) 
reported similar results in crosses of Tuxpeflo and ETO (non-Tuxpefto) derived inbreds with 
adapted material. Selection emphasizing the improvement of resistance to stalk and root 
lodging may be applied differently, depending on the exotic source material used and on the 
material introgressed into, either the Reid Yellow Dent or Lancaster Surecrop heterotic pool. 
High parent heterosis values, as a percentage for each cross and averaged within Reid 
Yellow Dent and Lancaster Surecrop heterotic pools, are presented in Table 13. High parent 
heterosis for each trait was used assuming the adapted recurrent parent as high parent, as a 
means of detecting the donation of favorable exotic yield factors or similar agronomic 
factors, relative to the adapted recurrent parent. A simple average of high parent heterosis in 
each heterotic pool was used because equal weight for each cross was desired. 
Positive values of high parent heterosis were observed for grain yield in all 
introgression crosses except the BSIO cross with CML327. Other CML327 crosses 
expressed grain yield heterosis, suggesting a lack of allelic diversity between BSIO and 
CML327. Heterosis values for Reid Yellow Dent population crosses, with the CML327 
donor parent, ranged from -14.2 to 33.1%. The inbred parent B73 crossed to CML327 and 
G19C19 expressed higher grain yield heterosis values of 74.7 and 75%. Similar positive 
heterosis values from 19.6 to 24.6% were observed in Lancaster Surecrop population crosses 
with the CML323 donor parent, and the inbred B97 crossed to CM1323 expressed 113.5% 
Table 13. High parent heterosis ofexotic by adapted crosses for yield and seven agronomic traits evaluated in Experiment 
H60522 in Ames, Iowa, 19%. 
High parent heterosis' 
Days to Root Stalk Dropped 
Cross High parent Yie]d Moisture pollen Vigor Stand lodging lodging ears 
% 
Reid Yellow Dent (RYD) 
BSIO(FR)CllxCML327 BS10(FR)C11 -14. ,2 33 . 6 6. ,4 -7. 9 -6. ,7 1010. 7 31. ,5 -42, ,6 
BS13(S)C8xCML327 BS13(S)C8 14 , 7 18. 6 5, .4 -16 , .7 1. ,4 1484 . ,6 77. ,3 -100. ,0 
BSSS(R)C13xCML327 BSSS(R)C13 33 . 1 25. 5 7 . 9 -12. ,9 2. ,2 4257. 1 127. 4 -65. 4 
CML327XB73 B73 74 . 7 37. .8 2. . 1 -24 . 1 17. 3 18007. . 1 -2 . 4 0. 0 
G18(C19)MH100xB73 B73 75 . 0 23 . , 7 -3 . , 9 -24 . 1 6. .0 15028. ,6 -1. 9 0 . , 0 
Average of RYD crosses 36, .7 27 . 5 3 , .6 -17 , . 1 4 . ,0 7957 . ,6 46 , 4 -41, .6 
Lancaster Surecrop (LSC) 
BSll(FR)C11XCML323 BSll(FR)Cll 19 .6 23 ,  9 1 2 -14 , .4 -4 , . 8 348 . 4 62 .7 0 . 0 
BS26(S)C3xCML323 BS26(S)C3 41 . 5 7 , . 8 2 .2 -14 , .6 -4 . 0 1800 , . 1 36 .7 -14 . 1 
BSCBl(R)C13xCML323 BSCBl(R)C13 24 .6 2 . 9 -0 .6 -22 . 2 2 , .6 152 . ,3 194 .1 0 . 0 
CML323XB97 B97 313 . 5 10, .1 -1 . 0 -41, .9 19, .9 142. .8 144 .3 0 . 0 
CML324XB97 B97 48 . 1 17 . 9 1 . 3 -35, .8 14 .2 -48, ,7 -34 .4 0 . 0 
CML328XB97 B97 92 .4 17 , .4 2 . 1 -20 .5 13, .0 0, 7 38 . 7 0 . 0 
Average of LSC crosses 56 .6 13 .3 0 . 9 -24 . 9 6 . 8 399 .3 73 . 2 -2 .4 
'High parent heterosis = ((F1-PI)/PI1100. 
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grain yield heterosis. Similarly, higher heterosis values of 48.1 and 92.4% were observed in 
B97 crosses with CML324 and CML328, respectively. Higher levels of grain yield heterosis 
in inbred crosses than population crosses suggest either enhanced heterosis due to maximized 
allelic divergence and higher performance of homogeneous progenies in the inbred crosses, 
or an inflation of the heterosis value if the adapted parent is not the high parent of the cross. 
Greater average grain yield heterosis of 56.6% was observed in the Lancaster 
Surecrop crosses than in the Reid Yellow Dent crosses (36.7%). Previous studies have 
reported higher mid-parent grain yield heterosis and performance in crosses of exotic 
material with Reid Yellow Dent as opposed to Lancaster Surecrop (Mungoma and Pollak, 
1988; Michelini and Hallauer, 1993; Echandiand Hallauer, 1996). Gerrish (1983) reported 
23 to 28% mid-parent heterosis for grain yield in Cateto crosses. CML323, the primary 
source of non-Tuxpeno material introgressed into Lancaster Surecrop material, consists 
priniarily of Cateto material and may explain the higher LSC yield heterosis values observed 
in this study. These results suggest desirable exotic yield alleles were introgressed into both 
tempexate heterotic pools for the improvement of grain yields in adapted envirorunents. 
High parent heterosis values for grain moistiue ranged from 2.9 to 37.8%. Larger 
average high parent heterosis values for grain moisture were observed in the Reid Yellow 
Dent crosses (27.5%) than the Lancaster Surecrop crosses (13.3%). Larger high parent 
heterosis values for days to pollen were also observed in the Reid Yellow Dent crosses than 
the Lancaster Surecrop crosses. The heterosis observations for days to pollen and moisture 
may be due to differences in the level of adaptation of the exotic source materials used. 
These results indicate the exotic donor material is donating alleles for increased grain 
moisture. Acceptable grain moisture values are a challenge associated with semi-exotic 
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material in temperate environments (Hallauer, 1978). Hawbaker, et al. (1997) reported that 
selection progress tor lower grain moisture in semi-exotic material can be achieved, without 
decreasing the initial yield potential. 
Larger high parent heterosis values for susceptibility to root lodging were observed in 
the Reid Yellow Dent crosses than the Lancaster Surecrop crosses, as indicated by the 
average heterosis values of 7957% for the RYD crosses and 399% for the LSC crosses. 
Heterosis percentages for root lodging in the Reid Yellow Dent crosses were severely 
inflated due to the low percentages of root lodging observed in the adapted Reid Yellow Dent 
check material. Larger high parent heterosis values were observed for stalk lodging 
susceptibility in the Lancaster Surecrop crosses than in the Reid Yellow Dent crosses. 
Average high parent heterosis values for stalk lodging in the Lancaster Surecrop crosses was 
73.2% and in the Reid Yellow Dent crosses was 46.4%. 
The genetic expression of inbreeding depression of a trait is a phenomenon that is the 
converse of heterosis (Falconer and Mackay, 1996). The expression of inbreeding depression 
and heterosis is dictated by the gene frequencies (allelic diversity) and dominance effects 
present in a specific population (Hallauer and Miranda, 1988). Average inbreeding 
depression for each cross is presented in Table 14, and was included in the study to verifs 
heterosis values and to determine the effects of exotic source alleles on grain yield, grain 
moisture, root lodging, and stalk lodging. 
The negative high parent heterosis for yield in the BSIO cross with CML327 (Table 
13) was confirmed by a low observed level of inbreeding depression of 3.6%. Lower levels 
of heterosis and inbreeding depression for root lodging and stalk lodging in the BSIO cross 
with CML327 were also observed. This comparison allows for the interpretation that the 
Table 14. Inbreeding depression of exotic by adapted backcrosses for yield and seven agronomic traits evaluated in Experiment 
H60522 in Ames, Iowa, 1996. 
Inbreeding depression' 
Days to Root Stalk Dropped 
Backcross Yield Moisture pollen Vigor Stand lodging lodging ears 
% 
Reid Yellow Dent (RYD) 
IBSIO(FR)C11XCML327]-BSIO(FR)Cll 3 . 6 6 . 6 2 , 0 -15. 6 -7 . 3 5. 8 1. 4 59. 1 
IBS13(S)C8XCML327]-BS13(S)C8 8. 2 7. 5 2 . ,7 -4. 9 -4 . 7 86. 0 30. 4 0. 0 
[BSSS(R)C13XCML327]-BSSS(R)C13 15. 2 7. 0 4 , 2 -2. 7 0. 2 82. 8 43. 5 -12. 5 
[CML327XB73]-B73 11. 3 6 . 4 0. , 4 -8. 5 4 . , 2 81. 0 6. 4 -5 . 1 
[G18(C19)MH100xB73]-B73 11. 9 6 . , 5 -2 . 5 -7 . 4 -6 . ,  9  85 . 6 -4 . , 1 5 . 8 
Average of RYD crosses 10, .1 6, .8 1, .4 -7 . , 8 -3 . ,0 68. 2 15 . 5 9, , 5 
Lancaster Surecrop (LSC) 
[BSll(PR)CllxCML323]-BSll(FR)Cll 12 .7 11 .4 2 .2 -8 , .4 -0 . 2 34 , . 9 7 .2 0 ,  0 
[BS26(S)C3XCML323]-BS26(S)C3 23 .3 6 .2 1 .1 -8 , 8 -5 . 9 69, .1 -11 . 8 -65 , . 1 
(BSCBl(R)C13XCML323]-BSCBl(R)C13 13 .2 3 . 0 -0 .4 -12 , .9 1 .0 17 , . 0 32 . 0 0 ,  0 
[CML323XB97]-B97 18 . 8 9 .9 1 .8 -24 .1 6 .5 37 .7 52 .2 0, .0 
[CML324XB97]-B97 19 . 9 14 .7 1 . 8 4 . 1 -1 . 3 -199 .7 -11 .7 100 , 0 
[CML328XB97]-B97 22 .8 11 . 1 2 .6 10 . 8 -1 .8 -24 .9 2 .1 100 . 0 
Average of LSC crosses 18 .4 9 .4 1 . 5 -6 . 5 -0 .3 -11 . 0 11 . 7 22 .5 
'LIIBREEDING DEPRESSION = [ ( F1 - BCL) / F11 100 . 
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BSIO and CML327 cross lacks allelic diversity for the expression of heterosis and inbreeding 
depression, since CML327 expresses heterosis and inbreeding depression in the crosses with 
BS13, BSSS, and B73. A relationship between CML327 with BSIO is encouraging, 
indicating CML327 is indeed a member of the Reid Yellow Dent heterotic pool. 
Crosses of BS26 and BSCBl with CML323 exhibited lower levels of heterosis and 
inbreeding depression for grain moisture. Average grain moisture for the BCl F1 of these 
crosses was similar to the observed recurrent parent values (Table 11), indicating CML323 is 
not contributing major genes for increased grain moisture. Previous selection in deriving 
CML323 seems to have been successful in developing an exotic inbred with grain moisture 
levels similar to BS26 and BSCBl. 
Stalk lodging in B73 crosses with CML327 and G18C19 expressed negative high 
parent heterosis (Table 13), and lower levels of inbreeding depression. The average stalk 
lodging in B73 crosses (F1 and BCIFI), with both exotic donor parents, was similar to the 
stalk lodging of B73 (Table 12). CML327 and G18C19 seem to possess no major genes for 
susceptibility to stalk lodging, and because of previous selection may have stalk quality 
similar to B73. 
Multiple trait selection using independent culling for higher grain yield, lower grain 
moisture, and increased resistance to root and stalk lodging was conducted within each 
BCIFI cross per se and across BCIFI crosses within heterotic pools. Selected Lancaster 
Surecrop BCIFI families averaged 5.1 q ha"' higher yield, 0.1% higher moisture, 10.7% less 
root lodging, and 6.3% less stalk lodging. Reid Yellow Dent semi-exotic selections averaged 
5.8 q ha"' higher yield, 0.4% less moisture, 4.7% less root lodging, and 6.1% less stalk 
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lodging. Lower selection intensities of 13.5% and 7.4% were used in the BSIO and BS26 
families, respectively, due to poorer performance within their heterotic pools (Table 11). 
Experiment H80022 
The 1998 maize growing season at the five Iowa environments was typical, with 
timely planting and harvest times. The Ankeny and Ames locations experienced excess 
rainfall early in the season, resulting in delayed and variable growth in some plots due to 
standing water. A hailstorm at the Lewis location after thinning the plots slightly reduced 
plant stands, requiring recoimting plants plot"' for calculation of root lodging, stalk lodging, 
and dropped ear percentages on a plot basis. Final plant stands, however, were not adjusted. 
A severe windstorm, prior to the completion of flowering, caused minor green snapping of 
later genotypes at the Ames location. No adjustments to plant stands were made at the Ames 
location, instead broken plants due to green snap were included in the staUc lodging scores. 
The objective of experiment H80022 was to compare the grain yield and agronomic 
performance of BClFl testcrosses relative to the performance of the recurrent parent 
testcrosses. Introgression of favorable exotic yield factors was the primary trait of interest in 
this evaluation. The relative efficiency of the lattice analysis adjustment of means showed no 
advantage over a randomized complete block analysis for all traits at the Lewis, Grinnell, and 
Davenport locations. However, in the Ames and Ankeny locations, the relative efficiency of 
the lattice analysis was from 110 to 228% greater than the randomized complete block design 
for grain yield and grain moisture. Therefore, lattice adjusted means for all traits were 
calculated in the final analyses. 
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Average grain yield of 95.7 q ha"' (153.1 bu acre"') and grain moisture of 22% were 
observed across all environments evaluated. Average grain yields ranged from 82.2 q ha ' at 
Lewis to 106.8 q ha"' at Davenport; the other locations were similar to the average grain yield 
of 95.7 q ha"'. Across the five environments, the average observed root lodging was 1.6%, 
and average stalk lodging was 5.1%. 
Direct response to selection, using a multiple trait selection criteria, was used on the 
BCIFI testcrosses. The selection criteria included increased grain yield and decreased grain 
moisture, root lodging, and stalk lodging. Selected individuals included the top 20% of the 
testcross progenies originating from both the Reid Yellow Dent/Tuxpeno and Lancaster 
Surecrop/non-Tuxpeiio introgression material. 
Average trait means of the selected and unselected Lancaster Surecrop/non-Tuxpeno 
testcrosses and their checks are presented on Table 15. Average trait means of the selected 
and unselected Reid Yellow Dent/Tuxpefio testcrosses and their checks are presented on 
Table 16. Standard errors for each trait are considered the same for all populations because 
the pooled effective error was used. 
Average grain yield of selected BSl 1, BS13, and BSSS semi-exotic testcrosses was 
8.5,2.9, and 10.3 q ha"' greater, respectively, than their respective checks. Average grain 
yield of selected BSCBl, B73, and B97 semi-exotic testcrosses was less than the yield of 
their respective checks, but average grain yield levels were greater than BS11, BSl 3, and 
BSSS semi-exotic testcrosses. Selection was intended to not only increase grain yield levels 
above the recurrent parent testcross, but also to select testcrosses with the greatest overall 
yield level. BSIO and BS26 semi-exotic yield levels were similar to the testcross checks and 
lower than other semi-exotic BCIFI testcrosses; therefore, no selections were 
Table 15. Means of selected and unselected Lancaster Surecrop/non-Tuxpeno testcrosses and recurrent parent check testcrosses 
for yield and eight agronomic traits, evaluated in experiment H80022 in five Iowa locations during 1998. 
Testcrosses Yield Moisture 
Root 
lodqinp 
Stalk 
lodaina 
Plant 
heiqht 
Ear 
heiqht 
Days to 
Dollen 
Days to 
silk 
Test 
weiqht n' 
q/ha i cm g/kg 
[BSll*lxCML323]xLH198 88. 1 21 . 5 1 . 3 7. 3 233 .6 110. 4 72. 3 73 . 3 222. 1 260 
[BSll*lxCML323lxLH198 sel. 95 . 0 21. 4 1 . 2 3 . 8 234 .0 107. 8 72 . 5 73 . 4 221. 4 30 
BS11{FR)C11 SYN1XLH19B check 86 . 5 20. 8 0. 9 8. 2 238.9 114. 3 72. 5 73. 2 220. 4 30 
Difference (sel.-check) 8. 5 0. 6 0. 3 -4 . 1  -4.9 -6. 6 0. 0 0. 2 1. 0 
(BS26*lxCML3 23]xLH198 92 . 2 23 . 0 2 . 0 10. 2  238.3 115. 0 73 . 3 74 . 0 223 . 1 80 
BS26(S)C3 SYN3xLH198 check 92 . 9 22 . 8 0. 6 8. 6  243 .3 114 , 5 72. 3 73 . 9 223 . 0 30 
Difference (no selections) -0. 7 0 . 2 1 . 4 1. 6 -5.1 0. ,4 1. ,0 0. 1 0. 1 
[BSCBl*lxCML323)xLH198 93 . 7 21. 8 1 . 6 4 . 1 232.1 105, .6 71. ,5 72. 3 223 . 6 200 
[BSCBl*lxCML323)xLH198 sel. 96. 9 21. 7 1 . 6 3 . 9 233 . 3 105, , 9 71. ,3 72 . 3 222 . 9 60 
BSCB1(R)C13 SYN3XLH198 check 100 . ,7 21 , . 8 0 . 1 2 , .7 236 . 5 106 , .0 71, .9 72. 4 223 , 5 30 
Difference (sel.-check) -3. 8 -0. 2 1 . 4 1. 2 -3.2 -0, .1 -0, .6 -0. 2 -0. ,6 
(CML324xB97*l]-lxLH198 95, .4 21, ,6 1 . , 1 5, ,4 234.9 106, .5 73 , . 1 74 . 2 222, .0 10 
[CML324xB97*l)-lxLH198 sel. 95 , 4 21, .6 1 , , 1 5 , 4 234.9 106 . 5 73, . 1 74 . 2 222, .0 10 
B97xLm98 check 110, .1 20, .8 1 . ,4 2, .3 250.3 Ill . ,7 71, .9 73 . 1 220, .3 30 
Difference (sel.-check) -14 , 7 0, .8 -0, ,3 3, . 1 -15.4 -5 , . 2 1, 2 1. 1 1, 7 
[CML328xB97*l)xLH198 93 , .9 22 , . 3 1 , .4 4 , .6 251.0 116 .6 72 , .8 73 . 4 224 , .4 30 
lCML328xB97*llXLH198 sel. 99 . 9 21 .3 1 , 3 2 .0 243 .7 112 .6 71 . 9 72 . 9 222 . 8 10 
B97xLH198 check 110 .1 20 . 8 1 .4 2 .3 250.3 111 .7 71 . 9 73. , 1 220 .3 30 
Difference (sel.-check) -10 .2 0 .5 -0, .1 -0 .3 -6.g 0 .9 0 .0 -0. 2 2 .5 
[CML323xB97*llxLH198 99 .5 21 .2 2 .2 4 .3 240.5 109 .4 72 .3 73 , 5 221 . 1 40 
ICML323xB97*l]xLH198 sel. 101 .3 2 1  . 1 1 .7 5 .5 240.5 108 .0 71 .9 73, ,3 223 .4 20 
B97XLH198 check 110 . 1 2 0  .8 1 .4 2 .3 250.3 111 .7 71 .9 73, ,1 220 .3 30 
Difference (sel.-check) -8 . 8 0  .3 0 .3 3 .  2  -9.8 -3 . 7 0 . 0 0 , 2 3 . 1 
Standard error (n=10) 2 .49 0 .35 0 . 74 1 . 2 0  2 .81 2 . 59 0 . 30 0 , 26 1 .46 
Standard error (n=30) 1 .44 0 .20 0 .43 0 .69 1 .62 1 .50 0 .17 0, , 15 0 .84 
'Number o£ plots per mean. 
Table 16. Means of selected and unselected Reid Yellow Dent/Tuxpeno testcrosses and recurrent parent check testcrosses for 
yield and eight agronomic traits, evaluated in experiment H80022 in five Iowa locations during 1998. 
Root Stalk Plant Ear Days to Days to Test 
Testcrosses Yiel(j Moisture lodging lodging height height pollen silH weight 
q/ha % - -cm-
-
-no. g/kg 
[BS10*lxCML327lxLH185 91.2 22, .5 1. 9 5 .2 225. . 8  100. 8 71 , .5 71 .3 220.5 
BS10(FR)C11 SYN1XLH185 check 91.5 21, .4 0. 6 3 .8 223. ,8 94 . 6 70, ,7 70, .4 215.9 
Difference (no selections) -0.3 1 ,1 1. 3 1 .4 2. ,0 6. 2 0, .7 0, .9 4.6 
150 
30 
lBS13*lxCML327lxLH185 97, ,1 22. ,7 2 , .2 3. ,9 224. ,3 95, .1 71, ,4 71 , 4 219, .5 210 
[BS13*lxCML327]xLH185 sel. 101 . 2 22 . , 8 1. . 5 2 . , 9 224 . 0 94 . , 8 71 , 7 71 , , 7 220. , 5 50 
BS13(S)C8 SYN3xLH185 check 98. ,3 21. 3 0, 8 3 . 0 220. 1 92. ,0 69, ,8 69, ,7 219. 4 30 
Difference (sel.-check) 2, .9 1. ,5 0 .6 -0. ,1 3. ,9 2. 8 1, ,9 2, 0 1. ,1 
{BSSS*lxCML327)XLH185 96 . 7 22 . 4 1 . 6 4 . 3 230. , 7 95 , 2 71. , 2 71, .3 217. .9 230 
[BSSS*lxCML327lXLH185 sel. 101. , 1 22 , . 8 0 ,7 3 , 2 228 . , 1 91 , . 9 71 . 2 71, .3 219. 3 40 
BSSS(R)C13 SYN3XLH185 check 90 . 7 21 , . 8 1 .9 5. 0 228, .3 89, ,6 69. 6 70 , .5 214 . 4 30 
Difference (sel.-check) 10. 3 1 , .0 -1 .2 -1 , .9 -0, ,2 2 , .3 1. ,6 0 , 8 4 . 9 
(G18C(C19)MH100xB73*llxLH185 103 , 5 22 .0 1 . 5 3 ,7 227 , .5 100 .4 70, .5 70 .7 217 , . 8 120 
(G18C(C19)xB73*llxLH185 sel. 106 , 6 21 ,8 1 .2 3 , 3 229, .3 100, .7 70 , . 5 70 . 7 217 , 3 70 
B73XLH185 check 109 ,0 21 .0 2 .0 3 .3 229. 5 101 .3 70, , 1 70 .2 216, , 1 30 
Difference (sel.-check) -2, 5 0 .8 -0 .8 0, .0 -0. 2 -0 .6 0 , .4 0 .5 1 .2 
[CML327xB73*l]xLH185 106 , 5 22 .2 2 .6 4 .6 233 . 3 103 . 1 71, ,4 71 .2 218, , 0 90 
(CML327xB73*l]xLH185 sel. 108 ,0 22 .2 1 . 7 3 . 8 236 , 7 105 .4 71, .4 71 .3 217, ,0 30 
B73XLH185 check 109 .0 21 .0 2 .0 3 . 3 229. 5 101 .3 70, .1 70 .2 216, .1 30 
Difference (sel.-check) -1 .0 1 . 1 -0 . 3 0 .5 7 , .3 4 . 1 1, 3 1 . 1 0, .9 
Standard error (n=30) 1 .44 0 .20 0 .43 0 .69 1 .62 1 .50 0, .17 0 . 15 0 .84 
'Number of plots per mean. 
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made in this material. These results indicate the exotic donation of desirable yield alleles 
observed in the per se crosses (Tables 11 and 12) were also expressed when outcrossed to 
testers from the opposite heterotic pool. 
Reid Yellow Dent semi-exotic and BSl 1 semi-exotic testcrosses expressed 0.6 to 
1.5% higher average grain moisture respectively, than the check testcrosses. Average grain 
moisture of BS26, BSCBl, and B97 semi-exotic testcrosses was similar to the grain moisture 
of their recurrent parent testcross. The unselected BS26 semi-exotic testcrosses expressed 
higher average grain moisture than the other LSC semi-exotic crosses. These results indicate 
higher grain moisture from the Tuxpefio exotic donor material continues expression at the 
12.5% level, which is equivalent to two backcrosses to adapted material. 
Average root lodging, in the selected semi-exotic testcrosses involving BSll, BS13, 
BSSS, B73, and B97, was similar to the adapted check testcrosses. Greater average root 
lodging (1.3 to 1.4%) was observed versus the checks in the selected BSCBl semi-exotic 
testcrosses and unselected BSIO semi-exotic material. Average root lodging of all selected 
Reid Yellow Dent semi-exotic and Lancaster Surecrop semi-exotic testcrosses was 0.6% 
lower and 0.3% higher, respectively, than the average of the RYD and LSC testcross checks. 
Semi-exotic testcrosses, in all material except B97 crossed to donor parent CML323, 
expressed less average stalk lodging than the check testcrosses. Higher average stalk lodging 
was observed in the unselected BSIO, BSl 1 and BS26 semi-exotic material, but the selected 
BSl 1 semi-exotic testcrosses expressed less stalk lodging than recurrent parent check 
testcrosses (Table 16). Average stalk lodging of all selected Reid Yellow Dent semi-exotic 
and Lancaster Surecrop semi-exotic testcrosses was 0.4% lower and 0.6% higher, 
respectively, than the average of the RYD and LSC testcross checks. 
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Similar and higher levels of resistance to root lodging and stalk lodging, compared 
with the check testcrosses, were observed in the selected semi-exotic testcrosses containing 
12.5% exotic germplasm (Tables 15 and 16). These results suggest lower levels of exotic 
germplasm may be required in semi-exotic hybrids and breeding material tor short-term 
breeding goals to improve lodging resistance. 
Trait means of selected individual Lancaster Surecrop/non-Tuxpefio family 
testcrosses are presented in Table 17, and trait means for selected individual Reid Yellow 
Dent/Tuxpefio families are presented in Table 18. The respective recurrent parent test cross 
checks and the elite hybrid, LH198 x LH185, are also presented. The selected Lancaster 
Surecrop and Reid Yellow Dent semi-exotic testcrosses exhibited grain yields within or 
above the significance range of their respective testcross checks (LSD = 8.7 q ha"', 0.05 
level of significance). Significantly higher grain yields were observed for one BSl 1 and 
three BSSS semi-exotic testcrosses, versus the BSl 1 and BSSS recurrent parent testcross 
check. Grain yields similar to the elite cross of LH198xLH185 were observed in four of the 
Lancaster Surecrop and 18 of the Reid Yellow Dent selected semi-exotic testcrosses. 
Differences in average grain yield between Reid Yellow Dent and Lancaster Surecrop 
crosses may be due to performances of the half-sib tester parents. 
The selected Lancaster Surecrop semi-exotic testcrosses had higher grain moisture, 
but it was not significantly different (LSD = 1.2%, 0.05 level of significance) than the 
recurrent parent testcross checks. The selected Reid Yellow Dent semi-exotic testcrosses 
expressed greater, and sometimes significantly greater grain moisture, than the testcross 
checks. The grain moisture of the elite check LH198xLH185 had the lowest observed value 
of 19.9%. 
Table 17. Testcross means of selected individual Lancaster Surecrop/non-Tuxpeno families and checks for yield and eight 
agronomic traits evaluated in experiment H8()022 in five Iowa locations during 1998. 
Root Stalk Plant Ear Days to Days to Test 
Testcross Yield Moisture lodging lodging height height pollen silk weight 
q/ha % cm no. g/kg 
lCML323xB97*l] -1XLH198 102 , 2 21 , .0 1 . 6 5. 4 241, .8 108. ,7 71, .7 73 , 0 222 . 0 
(CML323xB97*l] -5XLH198 100, ,4 21 ,  1 1 , .8 5. ,5 239, .2 107. 3 72 ,  1 73 , .6 224 . 8 
[CML328xB97*l] -3XLH198 99, .9 21 , . 3 1, . 3 2 . 0 243 , .7 112 . , 6 71. 9 72 , . 9 222 . 8 
[CML324xB97*l] -lxLH198 95 , 4 21 , . 6 1. . 1 5 , . 4 234 . 9 106 . 5 73 , . 1 74 . 2 222 . 0 
[BSCBl*lxCML.323] -3XLH198 98 .7 21 , . 5 2 , . 1 5 . . 9 227 , . 9 99 ,  4 71. 4 71, .9 222 . 0 
[BSCBl*lxCML323] -45xLH198 97 , . 8 21 , . 8 0 , . 3 4 , . 5 230 . 5 103 , .7 70 .  8 71, .5 225 . 5 
[BSCBl*lxCML323] -37XLH198 97 .2 21 , .6 0 .7 1, . 9 234 . 7 104 , .  9  71 . ,4 72 . 7 220. , 0 
[BSCBl*lxCML323] -54XLH198 96 .8 21 , .7 2 , .2 4 , . 9 238. 0 110, . 1  71. 0 71 , .8 221. , 0 
(BSCBl*lxCML323] -43XLH198 96 .2 21 , .9 2 , .0 3 , .0 236. 0 111 , .9 72 . 8 74 , . 1 225. , 0 
(BSCBl*lxCML323] -49XLH198 94 .5 21 ,  5 2 , .0 2 , .9 232 . 9 104 , . 8 70. 6 71. ,6 223 . , 8 
[BSll*lxCML323]-60xLH198 
[BSll*lxCML323]-25xLH198 
[BSll*lxCML323]-3xLH198 
97.3 21.8 0.8 
95.1 20.6 1.9 
92.5 21.7 0.9 
3.6 234.0 107.2 
4.5 230.9 105.9 
3.2 237.1 110.2 
72.2 72.6 224.0 
72.5 73.7 220.0 
72.7 73.8 220.3 
B97XLH198 
LH198 X LH185 
BSCB1(R)C13 SYN3XLH198 
BS11(FR)C11 SYN1XLH198 
L.S.D.(.05) 
C.V.(%) 
110.1 20.8 1.4 
106.6 19.9 0.5 
100.7 21.8 0.1 
86.5 20.8 0.9 
8.7 1.2 2.2 
8.2 4.9 2.5 
2.3 250.3 111.7 
4.1 218.1 94.5 
2.7 236.5 106.0 
8.2 238.9 114.3 
4.6 14.2 12.2 
4.3 3.8 8.0 
71.9 73.1 220.2 
69.9 69.5 215.5 
71.9 72.4 223.5 
72.5 73.2 220.4 
1.5 1.4 6.9 
1.3 1.1 2.1 
Table 18. Tcstcross means ofselccted individual Reid Yellow Dent/Tuxpeno families and checks for yield and eight agronomic 
traits evaluated in experiment H8()022 in five Iowa locations during 1998. 
Testcross Yield Moisture 
Root Stalk Plant Ear Days to Days to Test 
lodging lodging height height pollen silk weight 
q/ha -cm -no. g/kg 
[CML327xB73*l]-37xLH185 109. 3 22 3 1 8 3 5 233 7 104 2 70 5 70 5 219. 0 
[CML327xB73*l]-30xLH185 107 7 22 5 1 2 4 1 240 2 109 8 72 2 71 5 213 8 
ICML327xB73*l] -1XL.H105 1 07 0 21 7 2 2 3 7 236 3 102 3 71 4 71 9 218 3 
[G18CxB73*l]-45XLH185 108 5 21 5 1 8 2 7 226 6 100 6 69 8 69 8 216 3 
[G18CxB73*l]-55XLH185 108 1 22 5 0 7 3 5 232 3 100 4 70 8 70 7 220 3 
lG18CxB73*l]-24XLH185 107 7 22 2 0 8 2 3 228 0 99 9 71 0 71 4 218 0 
lG18CxB73*l]-34XLH185 107 6 21 4 1 6 3 5 228 1 99 6 70 4 70 4 217 3 
[G18CxB73*l]-48XLH185 106 4 21 3 1 6 3 5 225 1 100 8 70 8 71 2 213 8 
(G18CxB73*lJ-26XLH185 106 3 21 9 1 0 4 1 231 9 99 5 70 3 70 5 219 3 
[G18CxB73*l]-7XLH185 101 3 22 1 0 9 3 5 233 0 103 9 70 3 70 6 216 3 
[BS13*lxCML327]-llxLH185 103 2 22 7 1 9 4 6 223 8 94 7 71 5 71 8 221 0 
[BS13*lxCML327]-45xLH185 103 1 22 8 1 8 2 8 224 2 97 3 72 2 72 0 224 8 
(BS13*lxCML327]-90xLH185 102 1 22 3 2 1 1 7 227 5 99 3 71 5 71 7 216 5 
(BS13*lxCML327]-100xLH185 99 6 23 1 0 9 3 5 225 7 95 2 72 5 72 0 218 3 
[BS13*lxCML327]-13xLH185 98 2 23 1 0 7 1 9 219 0 87 5 70 8 71 0 222 0 
IBSSS*1XCML327]-48xLH185 104 9 23 4 0 7 4 3 231 3 103 4 72 1 71 4 219 3 
[BSSS*lxCML327]-53xLH185 101 3 22 8 0 9 2 8 226 8 90 1 71 2 71 7 220 0 
[BSSS*lxCML327]-61xLH185 100 8 22 4 1 0 2 3 231 4 91 6 70 8 71 4 219 5 
(BSSS*lxCML327l-56XLH185 97 3 22 4 0 1 3 3 223 0 82 4 70 7 70 7 218 3 
B73xLHie5 109 0 21 0 2 0 3 3 22 9 5 101 3 70 1 70 2 216 1 
LH198 X LH185 106 6 19 9 0 5 4 1 218 1 94 5 69 9 69 5 215 5 
BS13(S)C8 SYN3XLH185 98 3 21 3 0 8 3 .0 220 1 92 0 69 8 69 7 219 4 
BSSS(R)C13 SYN3xLH185 90 7 21 8 1 9 5 0 228 3 89 6 69 6 70 5 214 4 
L.S.D.(.05) 8 .7 1 2 2 2 4 .6 14 2 12 .2 1 .5 1 4 6 9 
C.V.{%) 8 .2 4 9 2 5 4 .3 3 8 8 .0 1 .3 1 1 2 1 
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Resistance to root lodging and stalk lodging in the selected semi-exotic testcrosses 
was not significantly different than the checks, including the elite LH198xLH185 check. 
Plant height and ear height were not significantly different in the selected semi-exotic 
testcrosses relative to their check testcross checks. In the majority of selected semi-exotic 
testcrosses days to pollen, days to silk, and pollen-silk interval, as measures of adaptation, 
were not significantly different than their checks. Days to flowering were significantly 
longer in four selected semi-exotic testcrosses involving CML327 introgressed into BS13. 
These results indicate 25% elite exotic germplasm can be introgressed into the major 
U.S. heterotic pools, without disrupting the highly productive combining ability for grain 
yield expressed in RYD-LSC hybrid combinations. Elite semi-exotic germplasm can also 
produce hybrids (12.5% exotic) containing low grain moisture, resistance to root and stalk 
lodging, and shorter plant height and ear height, all critical attributes for acceptance in the U. 
S. Com Belt. 
Phenotypic Correlations 
Phenotypic correlations between yield, and plant and ear traits for the BCIFI per se 
and the BCIFI testcrosses, grown in 1996 and 1998, respectively, are shown in Table 19. 
The objective of the BCIFI per se and testcross comparisons is to look for significant 
changes in correlation coefficients between 12.5% and 25% exotic material within heterotic 
pools. Lack of similar correlations may be due to differences in the genetic source material, 
differences in percenteige of exotic material, or environmental differences between the two 
years. 
Table 19. Phenotypic correlations among traits within heterotic pools for BCIFI (25% exotic, above diagonal) and BCIFI 
testcrosses (12.5% exotic, below diagonal). Reid Yellow Dent (RYD) and Lancaster Surecrop (LSC) heterotic pools 
contain Tuxpeno (Tux) and non-Tuxpeno (nTux) introgressed gemiplasm. 
Heterotic Days to Days to Root Stalk Plant 
Trait' pool Yield Moisture pollen silk lodging lodging height 
Grain yield RYD/Tux 0 191** -0 078 -0 262** -0 255** 
LSC/nTux -0 143* -0 244** 0 280** -0 564** 
Grain moisture RYD/Tux 0 247*' 0 032 -0 251** -0 338** 
LSC/nTux 0 469*' 0 412** 0 074 0 068 
Days to pollen RYD/Tux 0 004 0 398** 0 256** 0 303** 
LSC/nTux 0 076 0 467** 0 077 0 080 
Days to silk RYD/Tux 0 003 0 397** 0 999** 
LSC/nTux 0 075 0 464** 0 999** 
Root lodging RYD/Tux -0 330** -0 421** -0 311** -0 311** 0 578** 
LSC/nTux -0 407** -0 429** -0 273** -0 272** -0 438** 
Stalk lodging RYD/Tux -0 363** -0 613** -0 117* -0 117* 0 299** 
LSC/nTux -0 695** -0 534** -0 237** -0 237** 0 312** 
Plant height RYD/Tux 0 035 -0 224** 0 267* 0 285* -0 151* 0 234** 
LSC/nTux -0 107 -0 193** 0 364** 0 194 -0 068 0 048 
Ear height RYD/Tux 0 037 -0 225** 0 231* 0 185 -0 149* 0 240** 0.997** 
LSC/nTux -0 107 -0 192** 0 495** 0 355** -0 066 0 050 0.999** 
Test weight RYD/Tux 0 339*. 0 886** 0 252* 0 256* -0 308** -0 640** 
LSC/nTux 0 596** 0 834** 0 288* 0 174 -0 327** -0 589** 
'BClFl evaluation at one environment and twcj replications in 1996. BCIFI testcross grain yield, grain moisture, 
root lodging and stalk lodging were evaluated at five environments, and days to pollen, days to silk, plant height, 
ear height, and test weight at two environments and two replications in 1998. 
*, ** Significantly different from zero at 0.05 and 0.01 probability levels. 
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Increased testcross grain yields were associated with increases in grain moisture and 
associated decreases in root lodging and stalk lodging. In the Lancaster Surecrop/non-
Tuxpeflo BCIFI's per se, grain yields showed a small negative correlation (0.05 level of 
significance) with grain moisture and a small positive correlation with root lodging. 
Selection for higher grain yields in this material may have a small positive correlated 
response to lower grain moisture and a slightly negative effect on root lodging. Testcross 
grain yields showed no phenotypic association with days to pollen, days to silk, plant height, 
or ear height. 
Testcross grain moisture showed positive associations with days to pollen and days to 
silk, and negative associations with root lodging, stalk lodging, plant height, and ear height. 
Plant height, ear height, days to pollen, and days to anthesis had positive associations among 
the testcrosses (Table 19). 
Days to pollen and days to silk were negatively associated with root lodging and stalk 
lodging in the testcrosses. In the Reid Yellow DentTTuxpeilo BCIFI's per se, days to pollen 
was positively correlated (O.Ol level of significance) with root lodging and stalk lodging. 
This association suggests selection for fewer days to pollen in this material may have a 
positive correlated response to improving the resistance to root and stalk lodging. 
Testcross stalk lodging was positively correlated with root lodging, but a negative association 
(0.01 level of significance) was measured in the Lancaster Surecrop/non-Tuxpeflo BClFl's 
per se. Selection for increased resistance to stalk lodging, in these BClFl's, may lead to a 
negative correlated response to increased root lodging susceptibility. 
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CONCLUSIONS 
Adaptation to temperate environments using backcross introgression of elite exotic 
inbred lines into adapted U. S. Com Belt maize materials, representing the Reid Yellow Dent 
and Lancaster Surecrop heterotic pools, was evaluated in this study. Elite subtropical inbred 
lines representing the Tuxpefio and non-Tuxpeno tropical heterotic pools were used as donor 
parents into the RYD and LSC heterotic pools, respectively. Selection was conducted within 
backcross femilies per se and in their testcrosses for increased grain yield and for decreased 
grain moisture, root lodging, and stalk lodging. 
Introgression of the elite donor parents (CML323, CML324, CML327, CML328, and 
G18C19) at the 25% (BCl) and 50% (Fl) level had flowering times similar to the adapted 
recurrent parent checks in the per se material. The elite exotic donor inbreds used in this 
study did not contribute major genes for lack of adaptation to temperate environments. 
Grain yield, the primary trait of interest, was greater in the Fl's than the BCl's. and 
both were greater than the recurrent parent check. Greater high parent heterosis for grain 
yield was observed in the Lancaster Surecrop semi-exotic crosses than in the Reid Yellow 
Dent semi-exotic crosses. Agronomic trait means for grain moisture, root lodging, and stalk 
lodging increased linearly with increasing percentages of exotic germplasm. Backcross 
introgression was effective in incorporating favorable yield factors from exotic donor 
material and maintained the desirable agronomic genes from the adapted recurrent parents. 
Utilizing this elite exotic source material to increase grain yield alone indicates 50% semi-
exotic populations to be the preferred starting material. However, 50% semi-exotic material 
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may require additional selection improvement to reduce grain moisture, root lodging, and 
stalk lodging to acceptable levels and has more potential to disrupt the heterotic pools of the 
recurrent parents. 
Direct response to selection was conducted using semi-exotic BCl testcrosses. 
Selected BCIFI families were outcrossed to testers from the opposite heterotic pool and 
provided direct resporjse to selection in hybrid progenies. Selected semi-exotic testcrosses 
had grain yields similar to and greater than the recurrent parent checks. Grain moisture of 
selected LSC-exotic and RYD-exotic testcrosses was similar to and greater, respectively, 
than the respective checks; resistance to root and stalk lodging was similar to the 
LH198xLH185 commercial check hybrid. 
Thirteen LSC-exotic and 19 RYD-exotic BClFls were selected for recombination 
within heterotic pools for the formation of cycle one semi-exotic breeding materials. 
Recombination of the selected materials will be conducted in the 1999 L S. U. breeding 
nursery. 
The introgressionof25% elite subtropical germplasm into temperate materials 
representing the major U. S. heterotic pools provided per se adaptation and allowed for yield 
and agronomic trait selection in ten^erate environments. Direct evaluation of semi-exotic 
testcrosses (12.5% exotic) indicates 25% exotic contribution to the major heterotic pools per 
se does not disrupt the highly productive combining ability of the U. S. Reid Yellow Dent 
and Lancaster Surecrop heterotic pools. 
Elite subtropical inbred lines developed in CIMMYT's inbred-hybrid breeding 
program were used as exotic donor material. Inbreds derived from CIMMYT subtropical 
heterotic group A (STHGA) and subtropical heterotic group B (STHGB) were introgressed 
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into the Reid Yellow Dent and Lancaster Surecrop U. S. heterotic pools, respectively. The 
results of this study support the alignment of STHGA with RYD, and STHGB with LSC. The 
data suggest there are indirect benefits to U. S. breeding programs to access the exotic maize 
diversity from improved source materials developed in CIMMYT's hybrid maize breeding 
program. 
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Explanation of Abbreviations used in Appendix Tables 
Abbreviation Description 
YLD Grain yield (quintals ha ') 
MST Grain Moisture (%) 
DTP Days to 50% pollen shed 
DTS Days to 50% silk exposxire 
VIG Seedling Vigor (1-9 scale with 1 being good) 
STD Stand establishment (%) 
RTL Root lodging (%) 
SKL Stalk lodging (%) 
DE Dropped ears (%) 
PLT-HT Plant height (cm.) 
EAR-HT Ear height (cm.) 
TW Test weight (g kg"') 
INDEX Selection index 
SEL Selected individual 
Table A1. Analysis of variance, means, and coefficients of variation (C.V.) for yield and seven agronomic traits measured in 
Experiment H60522, in Ames, Iowa, during 1996. 
Mean squares 
Source of 
variation d f ^  Yield Moisture 
Days 
to 
pollen Vigor Stand 
Root 
lodeine 
Stalk 
lodeine 
Dropped 
ears 
q/ha % no. 1-9 0/„. 
Replications 1 3130.4 140.5 28.9 0.2 175.4 2387.7 64028.9 619.0 
Genotypes 756 180.6** 9.9 ** 7.8** 0.7** 65.7* 1236.4** 438.1 ** 9.4 
Error 756 95.4 2.7 3.2 0.4 56.6 405.9 180.2 9.2 
Standard Error 6.91 1.15 1.26 0.47 5.32 14.25 9.49 2.14 
Mean 54.2 27.0 79.4 3.9 92.9 27.3 29.7 1.2 
C.V. 18.0 6.0 2.2 17.1 8.1 27.7 19.1 3.1 
^ Degrees of freedom accompany their respective mean squares. 
** significant at 5% and 1% probability levels, respectively. 
Table A2. Analysis of variance, means, and coefllcients of variation (C.V.) for yield and five agronomic traits measured in 
experiment H80022, in five Iowa locations during 1998. 
Source of 
variation 
Mean squares 
d f ^  Yield Moisture Stand 
Root 
lodging 
Stalk 
lodging 
Dropped 
ears 
Environments (env.) 
Replications/env. 
4 
5 
q/ha 
26387.9 
514.2 
6642.4 
27.8 
490.5 
6.3 
1060.0 
24.6 
3719.6 
95.2 
10.6 
0.3 
Genotypes (gen.) 
Unadjusted 168 465.0 6.6 10.1 9.5 55.6 0.4 
Adjusted 168 475.5** 6.2** lO.l** 9.4** 55.1** 0.4 
Env. X gen. 
Unadjusted 672 97.5 1.8 5.7 6.2 26.6 0.4 H 
Adjusted 672 94.2** 1.7** 5.7** 6.2* 26.5** 0.4* 
Pooled error 
RCBD 840 76.3 1.3 4.4 5.2 15.3 0.3 
Effective 62.1 1.2 4.3 5.5 14.4 0.3 
(768) (768) (720) (744) (720) (792) 
Mean 95.7 22.0 86.7 1.6 5.1 0.1 
C.V. (%) 8.2 4.9 2.4 2.5 4.3 0.6 
L.S.D.(0.05) 8.68 1.15 2.13 2.23 4.61 0.54 
Repeatability 0.80 0.73 0.44 0.34 0.52 0.16 
^ Degrees of freedom accompany their respective mean squares. 
Effective error degrees of freedom varies with each trait and is given in parentheses below mean square. 
*, ** significant at 5% and 1% probability levels, respectively. 
Table A3. Analysis of variance, means, and coefficients of variation (C.V.) for five agronomic traits measured in experiment 
H80022, in five Iowa locations during 1998. 
Mean squares 
Source of 
variation df 
Days to 
pollen 
Days to 
silk 
Plant 
height 
Ear 
height 
Test 
weight 
Environments (env.) 
Replications/env. 
Genotypes (gen.) 
Unadjusted 
Adjusted 
Env. X gen. 
Unadjusted 
Adjusted 
Pooled error 
I 
0 
168 
168 
168 
168 
42992.4 
28.0 
-no. 
44391.2 
11.2 
139732.2 
636.2 
-cm. 
4.0 
4.0** 
l . I  
1 .1  
6.7 
6.6** 
1 . 1  
1.0** 
278.1 
111.1** 
107.4 
101.1* 
26807.8 
79.0 
289.0 
290.2** 
75.5 
74.7 
Degrees of freedom accompany their respective mean squares. 
Effective error degrees of freedom varies with each trait and is given in parentheses below mean square. 
*, ** significant at 5% and 1% probability levels, respectively. 
g/kg 
94107.4 
78.0 
47.2 
47.2** 
23.6 
23.6 
RCBD 336 0.9 0.7 85.3 68.5 21.36 
Effective 0.9 0.7 78.9 67.1 21.36 
(312) (312) (288) (312) (336) 
Mean 71.5 71.9 231.2 102.9 220.2 
C.V. (%) 1.3 1.1 3.8 8.0 2.1 
L.S.D.(0.05) 1.46 1.42 14.22 12.22 6.88 
Repeatability 0.73 0.85 0.64 0.74 0.50 
-J U) 
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Explanation of Abbreviations used in Appendix Tables 
Abbreviation Description 
YLD Grain yield (quintals ha*') 
MST Grain Moisture (%) 
DTP Days to 50% pollen shed 
DTS Days to 50% silk exposure 
VIG Seedling Vigor (1-9 scale with 1 being good) 
STD Stand establishment (%) 
RTL Root lodging (%) 
SKL Stalk lodging (%) 
DE Dropped ears (%) 
PLT-HT Plant height (cm.) 
EAR-HT Ear height (cm.) 
TW Test weight (g kg ') 
INDEX Selection index 
SEL Selected individual 
Table B1. Mean values for yield and agronomic traits of BCIFI families per 
se from [BSIO(FR)CllxCML327]-BSIO(FR)Cll crosses. Per se 
evaluation conducted in Experiment H60522 at Agronomy Farm, 
Ames, la., 1996. 
' A M I L Y  Y L D  M S T  D T P  V I G  S T D  R T L  S K L  D E  S E L '  
2 9  6 7 .  9  2 7 .  7  8 3 .  0  4 .  , 0  9 7 .  , 2  4 5 .  6  5 4 .  . 1  0 .  0  
7 1  6 5 .  2  2 8 .  6  8 4 .  0  4 .  , 0  9 1 .  7  7 6 .  1  6 2 .  , 2  0 .  0  
1 0 3  6 5 .  1  2 7 .  6  8 1 .  0  4 .  , 5  9 4 .  , 5  2 5 .  7  4 1 .  , 0  0 .  , 0  
1 0 2  6 4 .  6  2 7 .  4  7 9 .  5  3 .  , 5  9 1 .  , 7  6 3 .  3  2 7 .  , 8  0 .  0  
1 5  6 4 .  5  2 7 ,  0  8 0 .  , 5  4 .  , 0  9 1 ,  , 7  5 2 .  , 2  1 7 .  , 9  0 .  , 0  
8 2  6 3 .  8  2 7 .  0  8 1 .  , 0  3 .  , 5  1 0 0 .  . 0  7 0 .  , 3  3 7 .  , 7  0 .  , 0  
9  6 3 .  4  2 7 .  9 8 1 .  , 0  3 .  . 5  9 4 .  . 5  4 1 .  , 4  3 5 .  , 8  0 .  . 0  t 
2 7  6 3 .  3  2 6 .  8  8 0 .  , 0  4 .  . 0  9 4 .  , 4  1 4 .  , 7  3 5 .  , 3  0 .  , 0  t 
6 7  6 3 .  3  2 5 .  5  8 1 .  , 0  3 .  , 5  9 4  ,  , 4  2 6 .  . 5  5 3 .  , 0  0 .  . 0  
6 2  6 3 .  2  2 8 .  7 8 1 .  . 5  4 .  . 5  9 1 ,  . 7  5 3 ,  , 5  4 5 .  . 1  0 .  . 0  
4 6  6 2 .  4  2 6 .  7 7 8 .  , 5  3 .  . 5  9 4 ,  . 5  5 9 ,  . 1  3 4 ,  , 7  0 .  . 0  
9 7  6 2 .  4  2 6 .  9 8 0 .  , 0  4 .  . 0  9 4 ,  . 4  8 ,  , 8  3 8 ,  . 3  0 .  . 0  t 
1 4  6 2 .  3  2 5 .  6  7 8 .  . 5  4  .  , 0  9 4 ,  . 5  6 8 ,  . 1  5 4 ,  , 6  0 .  , 0  
1  6 2 .  0  2 8 .  4  7 9 .  . 5  3 .  . 5  9 7 ,  . 2  5 6 ,  , 7  2 5 ,  . 6  0 .  . 0  
5 9  6 1 .  4  2 6 .  4  8 3 .  . 0  4 .  . 0  1 0 0 ,  . 0  5 ,  . 6  3 8 ,  . 9  2 .  , 8  
1 0 4  6 1 .  4  2 9 .  0  8 0 .  . 5  4  ,  . 0  9 7 ,  . 2  4 0 ,  . 5  3 4 ,  . 2  0 ,  . 0  
5 7  6 0 .  6  2 8 .  2  8 2 .  , 5  5 ,  . 0  9 1 ,  . 7  3 3 ,  . 1  3 0 ,  . 2  0 ,  . 0  t 
9 6  6 0 .  4  2 6 .  5  8 1 .  . 5  4  . 5  8 0 ,  . 6  2 5 ,  . 6  2 9 ,  . 3  0 ,  . 0  t 
1 1 0  6 0 ,  2  2 6 ,  6  8 0 .  , 5  3 ,  . 5  1 0 0 ,  . 0  5 5 ,  . 6  4 7 ,  . 3  0 ,  . 0  
1 1  5 9 .  8  2 7 .  9 8 0 .  , 5  4 ,  . 0  9 1 ,  , 7  8 5 ,  , 6  3 0 ,  . 0  2 .  . 8  
2 0  5 9 .  6  2 5 .  7 8 0 .  . 0  4 .  0  8 8 ,  . 9 63, . 6  4 1 ,  . 0  3. . 4  
9 0  5 9 .  6  2 7 .  3 8 1 ,  .5 4  .5 1 0 0 ,  . 0  1 1 ,  .  1  2 7 ,  . 8  0 ,  . 0  t 
3 3  5 9 .  1  2 9 .  O 8 1 .  . 0  4  . 0  9 1 ,  . 7  3 3 ,  . 5  3 8  . 8  0 ,  . 0  
1 0  5 8 .  5  2 6 .  3 7 9 .  . 0  4  . 0  1 0 0 ,  . 0  4 7 ,  . 3  2 5  . 0  0  . 0  
8 0  5 8 .  0  2 8 .  0  8 2 .  . 0  4  . 0  9 4  .5 4 0 ,  . 0  3 3  . 4  2  . 8  t 
3 6  5 7 .  9  2 7 .  1  8 1 .  . 5  5 . 0  9 1  . 7  5 1  . 1  6 9  . 7  0  . 0  
8 8  5 7 .  8  2 7 .  8 2 .  5 4  . 0  9 7  . 2  8 ,  . 8  3 1  . 0  0  . 0  t 
t Selected individuals 
Table B1. (continued) 
FAMILY YLD MST DTP 
8 9  5 7 . 6  2 7 . 3  8 2 . 5  
2  5 7 . 6  2 5 . 2  8 1 . 0  
2 2  5 7 . 6  2 6 . 5  8 0 . 5  
9 1  5 7 . 4  2 7  . 2  8 1 . 5  
5  5 6 . 5  2 7 . 4  7 9 . 5  
7 8  5 6 . 5  3 0 . 8  8 2 . 0  
7 6  5 6 . 2  2 7  , 8  8 1 . 0  
3 8  5 6 . 1  2 8 . 7  8 3 . 0  
3 2  5 5 . 9  2 8 . 1  8 1 . 0  
2 8  5 5 . 8  2 7 . 7  8 1 . 0  
3  5 5 . 4  2 6 . 7  8 1 . 0  
3 7  5 5 . 4  2 7 . 1  8 1 . 0  
7 4  5 5 . 4  2 9 . 1  8 0 . 5  
6 3  5 5 . 4  2 9 . 5  8 1 . 0  
5 6  5 5 . 2  2 8 . 3  8 1 . 5  
1 3  5 5 . 2  2 7 . 8  8 0 . 0  
7 7  5 5 . 1  2 8 . 5  8 0 . 5  
8 1  5 4 . 6  2 4 . 7  8 0 . 5  
1 1 1  5 4 . 4  2 6 . 6  8 1 . 0  
5 5  5 4 . 3  2 7 . 6  8 1 . 5  
2 4  5 3 . 9  2 7 . 9  8 0 . 5  
6  5 3 . 8  2 6 . 7  7 9 . 5  
6 8  5 3 . 6  2 8 . 4  8 0 . 5  
5 2  5 3 . 5  2 7 . 6  8 2 . 0  
7  5 3 . 1  2 7  . 7  8 1 . 0  
7 9  5 3 . 1  2 7 . 6  7 9 . 5  
4 2  5 2 . 8  2 4 . 2  8 1 . 5  
2 3  5 2 . 7  2 6 . 0  7 9 . 5  
1 7  5 2 . 6  2 5 . 6  8 1 . 0  
3 5  5 2 . 6  2 8 . 1  8 1 . 5  
2 6  5 2 . 1  2 6 . 9  8 1 . 5  
4 5  5 2 . 1  2 9 . 1  7 9 . 0  
7 3  5 1 . 8  2 7  . 4  6 1 . 0  
5 4  5 1 . 7  2 6 . 0  8 0 . 5  
VIG STD RTL SKL DE SEL' 
4 . 0  8 8 . 9  2 0 .  
3 . 5  9 1 . 7  2 5 .  
4 . 0  9 7 . 2  1 7 .  
4 . 0  9 4 . 4  2 9 .  
4 . 0  9 4 . 5  5 2 .  
4  .  5  9 1 . 7  7 8 .  
3 . 5  9 4  , 4  3 8 ,  
4 , 5  9 7 , 2  7 0 .  
4 . 5  1 0 0 . 0  2 7 .  
5 . 0  9 4 . 5  1 5 .  
3 . 5  9 1 . 7  5 2 .  
3 . 5  1 0 0 . 0  4 1 .  
4 . 5  8 6 . 1  3 2 .  
4 . 0  9 4 . 4  2 6 .  
4 . 5  9 1 . 7  5 1 .  
4 . 0  9 4 . 4  7 6 .  
4 . 0  8 8 . 9  5 7 .  
4 . 5  8 8 . 9  2 8 .  
4 . 0  8 6 . 1  4 4 .  
3 . 5  9 7 . 2  5 4 .  
3 . 5  9 4 . 5  2 0 .  
4 . 0  1 0 0 . 0  1 1 .  
4 . 5  9 4  . 5  6 3 .  
3 . 5  9 1 . 7  3 6 .  
4 . 0  9 7  . 2  5 9 .  
4 . 0  9 7  . 2  1 9 .  
4 . 0  8 8 . 9  4 6 .  
3 . 5  9 7 . 2  3 8 .  
3 . 5  9 7 . 2  3 9 .  
3 . 0  9 7 . 2  5 3 .  
4 . 0  8 6 . 1  5 1 .  
4 . 0  9 7 . 2  3 7 .  
4 . 0  9 1 . 7  6 .  
5 . 0  8 6 . 1  5 1 .  
3 9 . 7  2 .  8  
3 0 . 0  0 .  0  
2 8 . 8  0 .  0  
3 2 . 4  0 .  0  
3 7 , 5  0 .  0  
2 9 . 8  0 .  0  
4 1 , 2  0 .  0  
3 9 . 6  0 ,  0  
3 6 . 1  0 .  0  
4 3 . 8  0 .  0  
3 8 . 9  0 .  0  
3 0 . 6  0 .  0  
2 8 . 6  0 .  0  
3 5 . 3  0 .  0  
5 0 . 6  0 .  0  
3 8 . 2  0 .  0  
2 8 . 8  0 .  0  
3 4 . 0  0 .  0  
2 9 . 2  0 .  0  
4 5 . 5  0 .  0  
1 1 . 8  0 .  0  
5 2 . 8  0 .  0  
4 5 . 5  0 .  0  
4 5 . 5  3 .  0  
3 7 . 1  0 .  0  
2 7 . 6  0 .  0  
6 8 . 8  3 .  2  
4 0 . 2  0 .  0  
3 6 . 9  0 .  0  
3 4  . 0  0 .  0  
3 5 . 9  0 .  0  
3 7 . 1  0 .  0  
6 6 . 1  0 .  0  
3 9 . 2  3 .  4  
7  
6 
3  
4  
5  
5  
2 
8 
8 
0 
8 
7  
3  
5  
7  
5  
7  
1 
0 
0 
9  
1 
9  
4  
5  
7  
9  
1 
7  
6 
9  
5  
2 
1 
Table B1. (continued) 
FAMILY YLD MST DTP 
1 2  5 1 . 6  2 7 . 1  8 1 . 0  
3 1  5 1 . 6  2 7 . 6  8 1 . 5  
7 5  5 1 . 5  2 7 . 9  8 3 . 5  
8 6  5 1 . 4  2 9 . 0  8 3 . 5  
6 5  5 1 . 4  2 9 . 5  7 9 . 5  
1 0 1  5 1 . 4  2 6 . 5  8 1 . 0  
8  5 1 . 3  2 6 . 1  8 0 . 0  
1 9  5 1 . 3  2 7 . 7  8 0 . 0  
3 9  5 1 . 1  2 8 . 0  8 0 . 0  
6 9  5 1 . 1  3 0 . 3  8 2 . 0  
7 0  5 1 . 0  2 8 . 4  8 0 . 0  
9 2  5 1 . 0  2 8 . 1  8 2 . 5  
9 3  5 0 . 9  2 7 . 9  7 9 . 5  
1 0 0  5 0 . 8  2 8 . 6  8 1 . 0  
4  5 0 . 4  2 6 . 3  8 0 . 5  
2 1  5 0 . 4  2 6 . 3  7 8 . 5  
4 3  5 0 . 4  2 9 . 6  8 0 . 0  
4 7  5 0 . 2  2 7 . 4  8 2 . 0  
1 0 7  4 9 . 9  2 7 . 8  8 2 . 0  
5 1  4 9 . 8  2 7 . 4  8 0 . 5  
8 4  4 9 . 6  2 8 . 3  8 1 . 0  
2 5  4 9 . 4  2 8 . 0  8 1 . 5  
4 4  4 9 . 4  2 9 . 3  8 1 . 0  
4 8  4 9 . 3  3 0 . 2  8 0 . 0  
8 7  4 8 . 6  2 9 . 2  8 3 . 5  
5 0  4 8 . 4  2 8 . 2  7 9 . 5  
1 6  4 7 . 2  2 7  . 4  8 1 . 0  
6 0  4 6 . 8  2 9 . 9  8 1 . 5  
3 4  4 6 . 6  2 8 . 3  7 9 . 5  
1 0 6  4 6 . 5  2 8  .  5  8 1 . 0  
5 8  4 6 . 4  2 8 . 3  8 3 . 0  
9 4  4 6 . 4  2 9 . 7  8 3 . 0  
6 4  4 5 . 9  2 8 . 5  8 0 . 5  
7 2  4 5 . 6  2 5 . 8  9 0 . 5  
VIG STD RTL SKL DE SEL' 
4 . 0  8 8 . 9  8 4 . 1  3 7 . 3  0 . 0  
4 . 0  9 4 . 4  5 0 . 0  4 4 . 2  0 . 0  
4 . 5  8 3 . 4  4 6 . 0  4 0 . 7  3 . 2  
4 . 5  8 8 . 9  6 5 . 7  6 8 . 8  0 . 0  
4 . 5  8 8 . 9  2 8 . 4  2 8 . 1  0 . 0  
4 . 0  9 4 . 4  7 9 . 4  4 7 . 1  0 . 0  
3 . 5  9 1 . 7  6 9 . 4  2 7 . 1  3 . 0  
4 . 0  9 7 . 2  3 5 . 2  1 4  . 7  0.0 
4 . 0  9 4 . 4  3 5 . 3  3 5 . 3  0 . 0  
3 . 5  9 7 . 2  7 7  . 7  4 4  .  6  0.0 
4 . 0  9 4 . 4  7 6 . 5  3 8 . 3  3 . 0  
4 . 5  9 4 . 5  4 0 . 3  5 0 . 7  0 . 0  
3 . 5  9 7 . 2  5 4 . 2  3 3 . 8  0 . 0  
4 . 0  9 1 . 7  1 5 . 1  2 7 . 6  0 . 0  
4 . 5  8 8 . 9  7 3 . 7  4 0 . 6  0 . 0  
4 . 0  9 1 . 7  3 6 . 6  4 7 . 8  3 . 0  
5 . 0  8 8 . 9  5 0 . 0  2 5 . 0  0 . 0  
4 . 5  9 7 . 2  4 6 . 3  3 4 . 3  0 . 0  
4 . 0  1 0 0 . 0  5 2 . 8  3 8 . 9  0 . 0  
4 . 0  9 7 . 2  4 5 . 8  4 0 . 1  0 . 0  
4 . 0  8 8 . 9  9 3 . 4  2 8 . 1  0 . 0  
4 . 0  9 1 . 7  5 6 . 9  4 4 . 7  0 . 0  
4 . 5  9 1 . 7  4 5 . 5  2 4 . 3  0 . 0  
4 . 0  9 4 . 4  5 5 . 9  2 3 . 5  0 . 0  
3 . 5  8 6 . 1  3 3 . 0  5 1 . 5  0 . 0  
4 . 0  9 7 . 2  5 3 . 6  4 9 . 0  3 . 0  
3 . 5  9 7  . 2  3 1 . 9  4 2 . 7  0 . 0  
4 . 5  9 7 . 2  5 9 . 5  5 1 . 4  0 . 0  
3 . 5  1 0 0 . 0  5 5 . 9  4 8 . 7  0 . 0  
4.0 94 .4 85.3 50.0 3.0 
4 . 0  9 7 . 2  1 6 . 7  4 3 . 0  0 . 0  
4 . 5  9 7 , 2  2 2 . 7  3 1 . 6  0 . 0  
4 . 0  9 7  . 2  4 3 . 5  2 8 . 4  0.0 
3 . 5  9 1 . 7  3 8 . 0  6 1 . 3  0.0 
Table B1. (continued) 
FAMILY YLD MST DTP VIG STD RTL SKL DE 
98 45.1 29. 7 84 .5 5.5 97.2 37.9 46.1 2.8 
30 44.9 26. 2 79.0 3.5 100.0 18.2 31.0 0.0 
41 44.8 28. 5 81.0 4.0 91.7 67.3 36.4 3.0 
105 44.7 25. 3 81.0 4.0 100.0 63.9 33,3 0.0 
99 44.0 27. f. 81.5 4.0 86.1 16.3 48.8 0.0 
95 43.0 28. 8 81.5 4.0 97.2 33.4 22.6 0.0 
49 42.3 28. 5 80. 5 4.0 86.1 49.2 48.6 0.0 
53 41.4 29. 8 80.0 4.0 94.4 64 .7 35.3 0.0 
83 41.2 29. 5 81.0 4.0 100.0 72.3 52.8 0.0 
85 41.2 28. 8 81.0 4.5 94.5 65.7 44.8 0.0 
61 40.8 26. 9 82.5 4.0 100.0 38.9 55.6 0.0 
109 40.4 26. 4 81.5 4.0 91.7 45.2 30.9 0.0 
66 39.5 26. 2 83.5 5.5 86.1 0.0 9.8 0.0 
40 38.8 26. 5 80.0 4.0 97.2 68.0 33.8 0.0 
108 34.7 28. 2 79.5 3.5 97.2 58.4 22.9 0.0 
19 32.1 25. 7  80.0 4.0 86.1 21.9 41.5 0.0 
Average of 
111 families 52.8 27 . 6 81.0 4.0 93.8 45.2 38.5 0.4 
Average of 15 
selected families 58.5 26. 9 81.2 4.1 93.7 26.5 32.1 0.2 
Difference 5.7 -0. 7 0.2 0.1 -0.1 -18.7 -6.4 -0.2 
Standard Error 6.91 1. 15 1.26 0.47 5.32 14.25 9.49 2.1-
S E L '  
t Selected individuals 
44 
66 
1 
67 
17 
19 
50 
18 
63 
73 
52 
77 
57 
6 
25 
59 
48 
45 
51 
41 
61 
56 
13 
54 
37 
47 
46 
Mean values for yield and agronomic traits of BCIFI families per 
se from [BSll(FR)CllxCML323]-BSll(FR)Cll crosses. Per se 
evaluation conducted in Experiment H60522 at Agronomy Farm, Ames, 
la., 1996. 
YLD MST DTP VIG STD RTL SKL DE SEL 
77.6 22.4 76.0 3.5 97.2 18.4 33.5 0.0 t 
77.2 23,6 75.0 3.5 97.2 43.1 31.9 0.0 
76.1 23.5 77.0 2.5 100.0 66.7 25.0 0.0 
75.8 22.9 76.5 4.0 100.0 36.1 33.3 0.0 t 
74.9 24.8 75,5 2.5 91.7 15.0 32.5 0.0 t 
74.1 24.1 78.0 3.5 91.7 45.5 39.6 0.0 
72.3 25.3 76.0 3.5 97.2 28.4 23.1 0.0 t 
72.0 24.0 75.5 4.5 100.0 19.3 30.1 2.8 t 
70.3 25.0 75.0 2.5 91.7 65.0 26.7 0.0 
68.0 23.0 77.0 4.0 94.4 50.0 23.6 0.0 
67.8 25.4 76.5 3.0 88.9 22.2 28.1 3.0 t 
67.7 24.5 77 .0 3.5 94.4 41.2 32.4 0.0 
67.4 23.9 75.5 3.0 94.5 41.7 29.2 0.0 
67.1 22.8 76.0 3.0 97.2 40.1 22.7 0.0 
66.8 24.0 77.0 4.0 88.9 12.6 34.4 0.0 t 
66.2 21.9 75.5 3.5 86.1 12.9 26.1 0.0 t 
66.1 25.4 78.0 3.5 97.2 33.4 14.1 0.0 t 
65.6 24.1 77.5 3.0 100.0 22.2 36.1 0.0 t 
65.5 22.9 76.5 4.0 80.6 0.0 21.3 0.0 t 
65.1 26.7 77 .0 4.0 97.2 19.8 17.2 0.0 t 
65.1 25.3 77 .0 3.0 94.5 37.2 27.5 0.0 
65.0 29.0 79.0 4.0 91.7 5.9 18.2 0.0 t 
64 .9 22.7 75.0 3.0 97.2 48.4 16.9 0.0 
64 . 6 24 .6 78 .0 4.0 94 .4 11.8 29.4 0.0 t 
64 . 6 23.6 78 .0 4.0 91.7 46.3 33.3 0.0 
64 . 5 25.5 75.5 3.5 08 . 9 28.2 37.6 0,0 
64 . 1 23.8 78.0 2.0 100.0 72.2 22.2 0.0 
individuals 
Table B2. (continued) 
FAMILY YLD MST DTP 
4  6 3 . 6  2 3 . 0  7 7 . 0  
1 2  6 3 . 6  2 3 . 9  7 7 . 0  
3  6 3 . 5  2 2 . 9  7 7 . 0  
1 1  6 3 . 1  2 5 . 5  7 7 . 5  
8 0  6 2 . 3  2 2 . 5  7 6 . 5  
2 0  6 2 . 2  2 4 . 6  7 6 . 5  
5 8  6 1 . 8  23.1 7 5 . 0  
7  6 1 . 7  2 3 . 5  7 5 . 5  
6 9  6 1 . 6  2 6 . 0  7 7 . 5  
6 8  6 0 . 4  2 4 . 1  7 6 . 5  
7 0  6 0 . 3  2 6 . 0  7 7 . 0  
3 8  6 0 . 3  2 4 . 0  7 7 . 5  
3 5  5 9 . 6  2 4 . 7  7 7 . 0  
6 4  5 9 . 6  2 3 . 6  7 6 . 0  
5 3  5 9 . 4  2 5 . 1  7 6 . 0  
8  5 9 . 3  2 5 . 4  7 6 . 0  
6 0  5 9 . 3  2 2 . 7  7 5 . 5  
2 9  5 9 . 2  2 2 . 6  7 8 . 5  
3 0  5 9 . 2  2 4 . 4  7 8 . 0  
1 6  5 9 . 1  2 3 . 2  7 5 . 0  
2 6  5 9 . 1  2 2 . 7  7 6 . 0  
2 3  5 9 . 0  2 2 . 9  7 7 . 5  
5 5  5 8 . 0  2 2 . 7  7 6 . 5  
2 2  5 7 . 8  2 3 . 8  7 6 . 0  
3 2  5 7 . 6  2 3 . 8  7 5 . 0  
2  5 7 . 5  2 4 . 8  7 9 . 5  
2 4  5 6 . 9  2 3 . 2  7 6 . 0  
3 1  5 6 . 8  2 3 . 0  7 6 . 5  
9  5 6 . 7  2 3 . 4  7 7 . 0  
4 2  5 6 . 7  2 4 . 7  7 9 . 0  
4 9  5 6 . 7  2 4  .  6  7 7 . 0  
6 2  5 5 . 8  2 4 . 0  7 6 . 5  
7 5  5 5 . 2  2 2 . 2  7 7 . 5  
1 5  5 5 . 1  2 2 . 8  7 5 . 0  
VIG STD RTL SKL DE 
2 .  5  9 4 . 5  
2 .  5  8 6 . 1  
3 .  5  9 4 . 5  
3 .  5  9 1 . 7  
3 .  0  9 1 . 7  
2 .  5  9 7 . 2  
2 .  5  9 1 . 7  
3 .  0  9 1 . 7  
3 .  5  9 4 . 5  
3 .  0  1 0 0 . 0  
3 .  5  9 1 . 7  
3 .  5  9 7 . 2  
4 .  0  8 0 . 6  
3 .  0  9 7 . 2  
4 .  0  1 0 0 . 0  
3 .  5  8 8 . 9  
4  .  0  8 8 . 9  
5 .  0  8 3 . 3  
4 .  0  9 4 . 5  
3 .  0  8 6 . 1  
3 .  0  9 4 . 5  
3 .  5  9 4 . 5  
3 .  5  9 4 . 5  
3 .  0  9 1 . 7  
2 .  5  1 0 0 . 0  
3 .  5  9 1 . 7  
3 .  0  9 7  . 2  
3 .  5  9 1 . 7  
3 .  0  1 0 0 . 0  
3 .  0  8 6 . 1  
4  .  5  8 3 . 4  
4  .  0  8 6 . 1  
4  .  0  9 4 . 5  
3 .  5  9 1 . 7  
. 8  2 6 . 8  0 . 0  
. 0  3 0 . 3  0 . 0  
. 0  2 9 .  6  0 . 0  
. 0  4 5 . 2  0 . 0  
. 3  5 1 . 3  0 . 0  
. 1  3 1 . 0  0 . 0  
. 8  3 9 . 4  0 . 0  
. 8  1 1 . 7  0 . 0  
. 1  3 2 . 7  0 . 0  
. 1  2 7 . 8  0 . 0  
. 1  3 0 . 4  3 . 2  
. 3  2 5 . 4  0 . 0  
. 5  2 8 . 1  0 . 0  
. 3  3 3 . 1  0 . 0  
. 5  1 8 . 7  0 . 0  
. 9  3 6 . 9  3 . 0  
. 8  1 8 . 8  0 . 0  
. 7  2 6 . 7  0 . 0  
. 5  2 6 . 8  0 . 0  
. 2  1 9 . 5  0 . 0  
. 6  2 9 . 9  0 . 0  
. 4  1 7 . 8  0 . 0  
. 5  1 1 . 8  0 . 0  
. 7  4 8 . 4  3 . 0  
. 7  2 7 . 8  0 . 0  
. 8  2 5 . 0  0 . 0  
. 9  4 2 . 3  0 . 0  
. 0  3 2 . 7  0 . 0  
. 3  4 5 . 9  0 . 0  
. 4  2 8 . 6  0 . 0  
. 8  1 8 . 1  0 . 0  
.  1  1 6 . 3  0 . 0  
. 5  8 . 4  0 . 0  
.  9  6 . 1  0 . 0  
5 2  
3 2  
3 2  
3 9  
24 
28 
23 
4 2  
26  
6 1  
4 9  
3 4  
10 
4 9  
1 3  
6 7  
18 
6 
3 6  
5 3  
2 9  
2 6  
3 6  
1 4  
16 
5 7  
3 9  
3 7  
5 7  
2 5  
20 
3 2  
18  
1 7  
Table B2. (continued) 
FAMILY YLD MST DTP VIG STD RTL SKL DE 
79 54 .8 24.7 78.5 3.5 97.2 46.4 20.3 0.0 
43 54.5 23.4 75.5 3.0 100.0 22.3 33.4 0.0 
5 54.3 24.3 77.5 3.5 86.1 55.7 28.6 0.0 
10 54 .1 23.1 77.5 2.5 97.2 28.8 31.7 0.0 
27 53.1 25.2 76.0 3.5 06.1 69.1 37 . 9 3.6 
36 52.9 23.2 75.5 3.5 94.5 9.4 33.4 0.0 
72 52.9 24 .2 76.5 4.0 97 .2 39.3 28.6 0.0 
34 52.8 24.9 75.5 3.5 97.2 26.2 19.9 0.0 
71 52.6 22.7 75.5 3.5 91.7 20.0 24.1 0.0 
65 52.3 24.1 79.0 5.0 97.2 80.2 54.4 0.0 
76 51.1 23.7 76.5 3.5 94.5 28.9 35.1 0.0 
40 50.9 22.3 76.0 2.0 100.0 50.9 37.9 0.0 
20 50.3 23.8 78.5 3.5 94.5 53.3 40.2 0.0 
78 49.8 23.1 78.0 3.5 91.7 20.6 33.3 0.0 
14 49.3 23.9 77,5 3.5 100.0 38.9 25.0 0.0 
21 48.4 25.4 77.5 3.5 97.2 40.0 28.4 0.0 
74 47.3 24.8 79.5 4.5 63.9 31.1 30.7 0.0 
39 42.2 23.5 77.5 4.0 80.6 36.6 51.0 0.0 
33 40.0 27.6 79.0 4.5 72.2 42.3 34.7 0.0 
Average of 
80 families 60.4 24 .0 76.8 3.4 92.8 34.4 29.0 0.2 
Average of 26 
selected families 64.9 24.1 76.8 3.6 92.9 21.6 25.8 0.2 
Difference 4.4 0.1 0.0 0.2 0.2 -12.8 -3.2 0.0 
Standard Error 6.91 1.15 1.26 0.47 5.32 14.25 9.49 2.1' 
SEL' 
t Selected individuals 
5 6  
23 
01 
45 
52 
4 
29 
13 
78 
95 
54 
68 
11 
66 
63 
41 
8 
44 
24 
40 
14 
9 7  
89 
77 
Mean values for yield and agronomic traits of BClFl families per 
se from [BS13(S)C8xCML327]-BS13(S)C8 crosses. Per se evaluation 
conducted in Experiment H60522 at Agronomy Farm, Ames, la., 1996. 
YLD MST DTP VIG STD RTL SKL DE SEL 
76.6 26.1 60.0 4.5 91.7 6.2 14.5 0.0 T 
72.9 29. 0 78.5 3.5 91.7 5.9 33.3 0.0 
72.9 30. 0 81.5 3.0 97.2 8.7 14.6 0.0 t 
71.2 28. 3 80.5 3.0 100.0 5.6 13.9 0.0 t 
71.0 30. 5 79.5 4.0 100.0 5.6 22.3 0.0 
70.7 31. 2 80.0 5.0 88.9 21.9 18.8 0.0 
70.6 29. 5 79.5 3.5 100.0 11.1 25.0 0.0 
69.5 28. 7 79.0 4.5 100.0 2.8 13.4 0.0 t 
68.7 30. 7 80.5 4.0 100.0 8.1 18.6 0.0 
68.6 31. 3 82.5 4.0 91.7 6.1 24.3 0.0 
68.4 31. 3 80.5 4.0 88.9 3.4 18.4 0.0 
68.3 30. 1 81.5 3.5 97.2 5.8 37.5 8.4 
68.1 29. 9 80.5 4.0 97.2 5.9 20.3 0.0 t 
67.8 31. 6 81.5 3.5 94.5 2.8 14.3 0.0 
67.7 30. 1 80.5 3.5 100.0 11.1 36.1 2.8 
67.6 31. 0 81.5 4.5 97.2 8.6 19.4 0.0 
67.1 29. 7 79.5 3.5 91.7 6.7 15.6 0.0 t 
67.0 29. 9 82.0 3.5 100.0 13.9 36.1 0.0 
66.9 27. 1 77.5 3.5 100.0 S.4 25.0 0.0 t 
66.8 28. 8 79.5 4.0 97.2 8.5 31.2 0.0 
66.3 31. 8 79.5 4.0 97,2 2.8 5.6 5.6 
66.1 29. 5 00.5 3.5 97.2 5.6 32.8 0.0 
65.9 29. 8 80.0 3.5 100.0 16.7 16.7 2.8 
65.8 29. 0 79.5 3.5 100.0 0.0 13.9 2.8 t 
65.5 28. 4 82.0 3.5 94 .5 0.0 12.2 0.0 t 
indiV i dua1s 
Table B3. (continued) 
FAMILY YLD MST DTP 
9 8  6 5 . 2  3 0 . 6  8 1 . 0  
1 0 2  6 5 . 2  3 1 . 0  8 2 . 0  
9 2  6 4 . 9  2 9 . 3  7 9 . 5  
3 6  6 4 . 8  2 9 . 1  8 0 . 5  
9 6  6 4 . 8  3 1 . 4  8 2 . 5  
6 2  6 4 . 7  2 8 . 6  7 9 . 0  
7 4  6 4 . 7  2 8 . 2  8 1 . 0  
7  6 4  . 6  2 7 . 6  8 3 . 5  
7 3  6 4 . 2  3 1 . 2  8 0 . 5  
1 7  6 3 . 9  3 0 . 1  8 0 . 5  
5 7  6 3 . 8  3 0 . 5  8 0 . 0  
3 9  6 3 . 4  2 8  . 5  8 1 . 0  
3 2  6 3 . 2  2 9 . 8  8 0 . 5  
5 0  6 3 . 0  3 0 . 9  8 3 . 0  
9 0  6 3 . 0  2 8 . 4  8 0 . 5  
8 5  6 2 . 9  3 0 . 0  7 8 . 5  
6 7  6 2 . 6  2 8 . 3  8 2 . 0  
2 2  6 2 . 5  2 9 . 3  8 0 . 0  
5  6 2 . 4  2 9 . 9  8 2 . 0  
1 6  6 2 . 3  2 9 . 1  7 9 . 0  
7 1  6 1 . 8  2 9 . 0  7 8 . 0  
8 3  6 1 . 5  2 9 . 0  7 8 . 0  
7 2  6 1 . 3  2 8 . 7  7 9 . 5  
8 7  6 1 . 0  29.2 7 8 . 5  
1 9  6 0 . 9  2 7 . 3  7 9 . 0  
8 0  6 0 . 8  2 8 . 1  7 9 . 5  
2  6 0 . 1  3 0 . 8  8 0 . 5  
9 1  6 0 . 1  3 0 . 5  8 1 . 0  
6  5 9 . 9  3 1 . 6  8 3 . 5  
7 6  5 9 . 7  2 8 . 4  8 0 . 0  
9 3  5 9 . 5  2 9 . 9  8 0 . 0  
VIG STD RTL SKL DE SEL' 
4 . 0  9 4 . 5  2 .  
4.5 9 7 . 2  1 3 .  
4 . 0  1 0 0 . 0  2 .  
3 . 5  9 7 . 2  8 .  
4 . 0  8 6 . 1  1 2 .  
3 . 5  1 0 0 . 0  5 .  
4 . 0  9 1 . 7  1 5 .  
4 . 0  9 1 . 7  2 .  
4 . 0  1 0 0 . 0  2 .  
4 . 5  9 4 . 5  3 .  
4 . 0  9 7 . 2  1 1 .  
3 . 5  9 4 . 5  1 2 .  
4 . 0  9 4 . 4  3 .  
4 . 5  1 0 0 . 0  5 .  
4 . 0  9 4 . 5  0 .  
3 . 5  9 4 . 5  5 .  
4 . 5  7 2 . 2  5 .  
4 . 5  9 7 . 2  5 .  
4 . 5  9 1 . 7  9 .  
4 . 0  9 4  . 4  3 .  
3 . 0  9 7 . 2  2 .  
3 . 5  9 7 . 2  5 .  
3 . 5  1 0 0 . 0  8 .  
3.0 8 8  .  9  6. 
4 . 0  9 4 . 5  3 .  
3 . 5  1 0 0 . 0  2 .  
4 . 0  9 7 . 2  5 .  
4 . 5  1 0 0 . 0  8 .  
4 . 5  9 7 . 2  5 .  
3 . 5  9 4  . 5  3 .  
3 . 0  1 0 0 . 0  1 6 .  
8 . 4  0 . 0  
1 9 . 9  0 . 0  
2 2 . 2  0 . 0  
2 . 8  2 . 8  
1 9 . 2  0 . 0  
2 2 . 2  2 . 8  
2 1 . 3  0 . 0  
1 8 . 9  0 . 0  
8 . 4  2 . 8  
2 7 . 1  3 . 2  
2 6 . 0  0 . 0  
1 2 . 2  0 . 0  
2 6 . 5  3 . 0  
3 0 . 6  0 . 0  
1 1 . 8  0 . 0  
1 4 . 3  0 . 0  
2 8 . 4  0 . 0  
8 . 4  2 . 8  
2 4 . 1  3 . 2  
2 3 . 6  0 . 0  
3 9 . 4  0 . 0  
2 2 . 7  0 . 0  
1 6 . 7  0 . 0  
2 1 . 4  0 . 0  
2 7 . 1  0 . 0  
2 7 . 1  0 . 0  
2 7 . 0  0 . 0  
3 3 . 3  0 . 0  
1 9 . 9  0 . 0  
8 . 4  6 . 0  
1 6 . 3  0 . 0  
7  
9 
8 
7  
9  
6 
3  
8 
8 
2 
6 
2 
0 
6 
0 
6 
9  
6 
2 
0 
8 
6 
4  
3 
2 
7  
6 
4  
6 
2 
4  
Table B3. (continued) 
FAMILY YLD MST DTP 
12 59.5 29.5 81.5 
81 59.1 30.7 80.5 
27 58.9 30.1 eo.o 
88 58.8 28.8 80.0 
84 58.7 30.9 79.5 
99 58.7 23,6 80.0 
75 58.3 28.3 79.0 
53 58.0 30.0 80.0 
56 57.9 29.0 78,0 
51 57.8 28.0 77,5 
60 57,8 20.4 79,0 
94 57.5 29.9 78,0 
55 57.4 28.1 77.5 
37 57,3 30.0 79,5 
82 57,2 29.8 80.0 
42 57.0 30.4 79,5 
79 57.0 28.7 81.0 
30 56,6 30.7 80,5 
20 56.2 27.5 80,5 
46 55,8 28.1 78,0 
59 55.8 29.8 80.5 
3 55.5 31.4 80.5 
1 55.4 27.0 76.0 
48 55.3 29.8 79.0 
49 55.2 28. 9 80,5 
35 54.8 28.9 83.0 
18 54.7 29.9 80,0 
34 54.5 30.4 78,0 
15 54 .4 28.3 79,0 
86 54 .2 28,9 81,0 
V I G  S T D  R T L  SKL DE SEL' 
4.0 100.0 0. 
4.0 97,2 2. 
3.5 94 . 5 2. 
3.5 91.7 0. 
3.5 94.5 2, 
3.5 88,9 3, 
3.0 97,2 0, 
3.5 86,1 0. 
3.5 91.7 12, 
3.5 100,0 0, 
4.0 97,2 0, 
2.5 97.2 2, 
3,0 94.4 0, 
4.0 97.2 11, 
4,0 94.4 5. 
4.0 97.2 2. 
4.5 91.7 6. 
3.0 100.0 2. 
4.0 94.5 2. 
4.0 100.0 16. 
4.0 91.7 6. 
5.0 94.5 3. 
3.5 97.2 0. 
4.0 88.9 13. 
3.5 94.5 0. 
5.0 88.9 3. 
4.0 94.5 2. 
4.0 97.2 5. 
4,0 97.2 5. 
5,0 91.7 3. 
33.4 0,0 
19.8 0,0 
21.9 0,0 
3.0 0,0 
28.5 0,0 
31,3 0,0 
25.2 3.0 
19,5 3,6 
12.4 0,0 
16.7 2,8 
23.1 0,0 
19.9 2,8 
20.6 3,0 
28,8 0.0 
23,5 0.0 
34,3 0.0 
27,8 0.0 
11,1 0.0 
40.7 0.0 
27.8 0.0 
15.5 3.2 
33.7 0.0 
19.8 0.0 
16.7 0.0 
19.8 0,0 
34.4 0.0 
26,4 0.0 
27.0 3.0 
30,9 0.0 
21,2 0.0 
0 
8 
8 
0 
8 
2 
0 
0 
5 
0 
0 
8 
0 
6 
9 
8 
1 
8 
8 
7 
3 
2 
0 
0 
0 
2 
8 
6 
9 
2 
Table B3. (continued) 
FAMILY YLD MST DTP VIG STD RTL SKL DE 
25 54.1 29. 4 77,0 3.0 91.7 11.7 27.8 0.0 
103 54.1 30. 6 76,5 3.5 97.2 0.0 19.8 0,0 
43 54,1 30. 9 82,5 4.0 88.9 0.0 18.8 0,0 
61 53.9 27. 8 83.0 4,0 100.0 8.4 25.0 0.0 
70 53,0 29. 0 80.0 4,5 94,4 3.0 20.6 0.0 
9 52.7 30. 6 81.5 5.0 80.9 3.0 39.8 0.0 
38 52.0 30, 4 79.5 3.0 94 .5 6.0 29.9 2,8 
26 51.0 29,7 77.5 4.0 91,7 6.7 5.6 3.4 
28 50.4 28, 7 80,0 4.0 88.9 5.6 23.8 0.0 
65 49.9 28, 4 83.0 3.5 83,3 0.0 26.3 0.0 
47 49.2 30, 0 82.0 4.0 88,9 12,5 21.9 0.0 
64 49,1 26, 4 78.5 4.0 94 ,5 0.0 24.3 0.0 
69 48.6 31, 1 79,5 4.0 94,4 0,0 14.7 0.0 
33 46.0 28, 8 77,0 4,0 88.9 3.4 28.8 3.4 
104 45.5 26, 9 78,0 3,0 100.0 5,6 27.8 0.0 
31 44,9 30, 6 78.5 4,0 97.2 2,8 19.8 2.8 
21 44,7 28, 2 81.0 4,5 97.2 5,8 36.6 0.0 
10 37.8 31, 6 86.0 4,0 88.9 21,9 25.1 0.0 
Average of 
104 families 60.4 24, 0 76.8 3,4 92.8 34,4 29.0 0.2 
Average of 21 
selected families 65.5 28. 7 80.0 3.7 96.4 4.5 15.3 1.0 
Difference 5.3 -0. 7 -0.1 -0.1 1.5 -1.2 -7,0 0.2 
Standard Error 6.91 1. 15 1,26 0,47 5.32 14 ,25 9.49 2.1-; 
SEL' 
t Selected individuals 
Table B4. Mean values for yield and agronomic traits of BCIFI families per 
se from (BS26(S)C3xCML323]-BS26(S)C3 crosses. Per se evaluation 
conducted in Experiment H60522 at Agronomy Farm, Ames, la., 
1996. 
FAMILY YLD MST DTP VIG STD RTL SKL DE SEL' 
106 65.4 26, .4 79.5 4.0 97.2 20.5 31.0 0.0 t 
94 65.2 29, .8 79.5 4.5 86.1 25.0 20.8 0.0 t 
46 62.5 27, .0 78.5 4.5 88.9 35.1 59.4 3.4 
93 62.2 27 .3 77.0 4.0 91.7 12.2 47.2 0.0 
48 60.3 27 .5 77.0 3.5 94.4 23.5 20.6 0.0 t 
1 60.0 26 .2 78.5 4.0 97.2 19.6 45.5 2.8 
67 59.6 25 .8 77.5 4.0 91.7 30.6 48.4 3.4 
59 58.3 27 .1 77.5 4.0 91.7 9.2 43.2 3.2 
28 58.2 27 .2 79.0 4.5 94.4 8.9 55.9 3.0 
13 57.9 27 .0 77.0 3.5 86.1 49.2 73.8 0.0 
32 57.4 27 .7 79.5 3.5 88.9 9.6 56.9 0.0 
60 56.9 27 .2 77.5 4.0 94.4 20.6 44.2 0.0 
40 56.4 26 .3 76.5 3.5 97.2 14.3 42.3 3.0 
88 55.2 26 .7 80.0 3.5 83.4 16.1 46.5 0.0 
2 54.7 27 .1 78.5 4.0 94.5 17.1 57.0 0.0 
79 54 .5 25 .8 78.0 4.5 97.2 5.8 34.7 0.0 t 
33 54.4 25 .9 79.5 3.5 97.2 34.5 42.3 0.0 
85 53.8 28 .3 77.0 4.0 91.7 10.0 82.8 0.0 
29 53.7 26 .7 78.5 3.5 100.0 38.9 61.2 0.0 
55 53.7 26 .0 80.5 4.0 97.2 37.1 42.7 0.0 
105 53.7 25 .0 79.0 3.5 100.0 5.6 47.3 2.8 
17 53.2 24 .6 77.0 4.0 88.9 21.9 40.7 0.0 t 
19 52.7 24 .8 78.0 3.5 97.2 37.8 42.0 0.0 
12 52.6 28 .3 79.0 5.0 97.2 34.6 30.8 0.0 t 
15 52.1 27 .3 76.5 4.0 94.5 81.3 49.3 0.0 
t Selected individuals 
Table B4. (continued) 
FAMILY YLD MST DTP 
92 52. 1 26. 4 79.0 
58 51. 8 25. 9 75.5 
91 51. 2 24. 4 77.5 
54 51. 1 25. 9 79,0 
62 50.9 27. (3 78.0 
64 50. 8 26. 7 76.5 
97 50. 8 27. 1 78.0 
61 50. 6 26.6 79.0 
37 50. 6 26.7 78.5 
83 50. 3 27. 6 79.0 
51 49. 6 26. 4 78.0 
23 49. 4 26. 4 77.5 
34 49. 0 27. o 78.0 
44 48. 9 28. 4 78.5 
20 48. 6 28. 7 78.0 
18 48. 3 24. 8 78.5 
4 47. 8 25. 6 77.5 
39 47. 5 26. 6 78.0 
36 47. 2 26. 8 78.0 
3 47. 1 24. 1 78.5 
103 47. 0 26. 9 79.5 
38 46. 7 29. 3 78.0 
49 46. 6 28. 1 77.5 
35 46. 5 26. 4 79.5 
89 46. 4 24. 9 77.0 
98 45. 8 26. 7 80.0 
01 45. 8 26.7 79.5 
82 45. 7 26. 3 78.5 
87 45. 2 27. 7 78.0 
57 45. 0 26. 79.5 
52 44 . 9 26. 9 79.5 
107 44 . 7 25. 4 78.5 
VIG STD RTL SKL DE SEL' 
3.5 97.2 8. 
3.5 88.9 18. 
4.0 100.0 2. 
3,5 94.4 11. 
4,5 100.0 16. 
3.0 88.9 32. 
4.5 91.7 50. 
4.0 100.0 21. 
3.5 91.7 20. 
4.0 100.0 16. 
4.0 91.7 18. 
3.5 97.2 33. 
3.0 97.2 2. 
4.0 100.0 16. 
3.5 91.7 40. 
3.5 94 .4 29. 
3.5 86.1 51. 
4.0 91.7 13. 
3.5 97.2 19. 
4.0 94.4 8. 
4.0 94.5 2. 
3.5 91.7 9. 
4.0 94.5 26. 
4.0 91.7 21. 
3.5 91.7 3. 
4.5 97.2 5. 
4.0 86.1 13. 
2.5 97.2 42. 
4.0 86.1 52. 
4.0 88.9 29. 
3.0 91.7 30. 
4.0 97.2 14. 
54 .4 5. 5 
50.0 0. 0 
58.4 2. 8 
47,1 5. 9 
69,5 2. 8 
63.1 0. 0 
60.5 0. 0 
61.9 0. 0 
50.6 3. 4 
44.4 5. 6 
42.5 6. 1 
40.5 0. 0 
33.8 3. 0 
61.1 0. 0 
38.9 6. 2 
44.1 0. 0 
45.3 0. 0 
59.2 0. 0 
31.6 0. 0 
44.1 0. 0 
40.7 0. 0 
45.8 3. 2 
42.1 3. 2 
43.0 3. 2 
45.8 3. 0 
56,9 0. 0 
55,0 3. 0 
25.7 2. 8 
59.0 0. 0 
46.9 0. 0 
57,7 6. 1 
43.5 0. 0 
0 
8 
8 
8 
7 
6 
6 
5 
6 
7 
8 
8 
7 
7 
0 
5 
5 
9 
8 
9 
8 
1 
4 
0 
2 
8 
7 
8 
8 
3 
5 
4 
Table B4. (continued) 
FAMILY YLD MST DTP 
4 2  4 4 . 5  2 4 .  1  7 9 . 5  
4 3  4 3 . 8  2 6 .  3  11 .b 
5 3  4 3 . 8  2 6 .  3  7 8 . 0  
2 1  4 3 . 4  2 6 .  7  7 7 . 5  
8 0  4 3 . 4  2 6 .  6  7 8 . 5  
7 2  4 3 . 3  2 8 .  3  7 9 . 0  
9 6  4 3 . 2  2 5 .  5  7 6 . 5  
1 1  4 3 . 0  2 7 .  4  7 9 . 5  
6 9  4 3 . 0  2 6 .  5  7 8 . 0  
7 3  4 2 . 9  2 4 .  9  7 9 . 0  
8  4 2 . 8  2 6 .  8  7 8 . 5  
4 1  4 2 . 7  2 6 .  7  7 7 . 5  
1 4  4 2 . 3  2 6 .  9  7 8 . 0  
9  4 2 . 0  2 5 .  8  8 0 . 0  
1 6  4 1 . 5  2 6 .  0  7 7 . 5  
4 5  4 1 . 5  2 5 .  0  11 .b 
7 1  4 1 . 4  2 6 .  7  7 7 . 0  
1 0  4 1 . 1  2 4 .  9  7 9 . 0  
2 5  4 0 . 8  2 5 .  6  7 8 . 5  
9 5  4 0 . 6  2 4 .  8  7 8 . 5  
2 6  4 0 . 5  2 6 .  6  7 7 . 5  
3 1  4 0 . 4  2 5 .  1  7 7 . 5  
7 6  3 9 . 6  2 6 .  7  7 8 . 0  
9 0  3 9 . 6  2 6 .  8  7 8 . 5  
6 6  3 9 . 5  2 5 .  4  11 .b 
102 3 9 , 4  2 7 .  4  7 9 . 5  
3 0  3 9 . 4  2 5 .  n 7 7 . 5  
8 4  3 9 . 4  2 7 .  5  7 8 . 0  
6 8  3 9 . 0  2 4 .  6  7 8 . 0  
7 0  3 8 . 7  2 7  .  4  8 0 . 0  
5  3 7 . 9  2 7 .  5  7 8 . 0  
4 7  3 7 . 8  2 6 .  2  7 6 . 0  
VIG STD RTL SKL DE SEL* 
3  . 5  9 4 . 5  
3  . 5  9 7 . 2  
3  . 5  9 4 . 4  
4  . 5  9 4 . 4  
4  • 0  9 1 . 7  
4  . 5  9 7 . 2  
3  . 5  8 0 . 6  
4  . 0  9 1 . 7  
3  . 5  9 7 . 2  
4  . 0  8 8 . 9  
4  . 0  1 0 0 . 0  
4  . 0  9 7 . 2  
4  . 0  1 0 0 . 0  
4  . 0  8 8 . 9  
3  . 0  1 0 0 . 0  
4  . 0  9 1 . 7  
3  . 5  9 4 . 4  
4  . 0  9 4 . 5  
2  . 5  9 4 . 5  
4  . 0  8 8 . 9  
4  . 0  9 4 . 4  
3  . 5  9 1 . 7  
3  . 0  9 1 . 7  
4  . 0  9 1 . 7  
4  . 0  9 4  . 4  
4  . 5  9 1 . 7  
3  . 5  8 3 . 3  
3  . 5  9 1 . 7  
3  . 5  1 0 0 . 0  
3  . 5  9 4  . 5  
3  . 5  9 4 . 5  
3  . 5  9 1 . 7  
. 6  5 5 . 6  2 . 8  
. 4  4 9 . 0  0 . 0  
. 6  6 1 . 8  3 . 0  
. 4  5 5 . 9  0 . 0  
. 4  6 0 . 7  3 . 2  
. 9  4 5 . 9  3 . 0  
. 0  4 1 . 4  0 . 0  
. 7  4 9 . 5  3 . 4  
. 8  4 0 . 1  2 . 8  
. 4  6 2 . 8  5 . 9  
. 5  6 9 . 5  2 . 8  
. 3  4 3 . 0  0 . 0  
. 2  5 0 . 0  0 . 0  
. 1  8 1 . 3  0 . 0  
. 3  6 5 . 0  2 . 8  
. 8  5 8 . 1  0 . 0  
. 9  5 5 . 9  0 . 0  
. 3  4 4 . 5  0 . 0  
. 1  5 0 . 7  0 . 0  
. 6  5 2 . 8  2 . 8  
. 7  5 0 . 0  3 . 0  
. 7  5 9 . 2  0 . 0  
. 0  5 6 . 7  3 . 4  
. 8  6 9 . 9  3 . 0  
. 5  6 1 . 8  3 . 0  
. 8  4 3 . 0  3 . 0  
. 7  7 3 . 3  3 . 4  
. 5  5 7 . 2  0 . 0  
. 1  3 8 . 9  5 . 6  
. 8  3 8 . 6  2 . 8  
.  1  6 2 . 5  0 . 0  
. 2  5 2 . 1  6 . 3  
1 4  
3 1  
2 0  
32 
18 
22  
2 5  
51 
11 
18 
1 9  
1 7  
4 7  
2 5  
5 1  
11 
5  
3 1  
3 6  
3 0  
1 4  
3 1  
1 5  
2 9  
2 3  
8 
4 6  
30 
11 
1 9  
3 4  
18  
Table B4. (continued) 
FAMILY YLD MST DTP VIG STD RTL SKL DE SEL' 
65 37.5 26. ,9 76 .5 4.0 91.7 43.3 64.5 2.8 
22 35.7 25. ,1 78 .0 3.5 94.5 43.0 52.8 3.2 
63 35.5 23. ,4 77 .0 4.5 88.9 63.9 79.8 0.0 
74 34.9 25. . 2  78 .5 3.0 88.9 24.3 72.4 0.0 
6 34.7 32, .1 75 .0 4.0 100.0 16.7 44.5 0.0 
24 34.7 26, 79 .5 4.5 88.9 14.7 50.8 3.6 
7 34.3 19, ,7 78 .0 3.5 88.9 31.4 59.4 3.4 
75 33.5 28. , 1 77 .5 4.0 97.2 14.1 50.5 5.3 
101 33.2 25, ,4 77 .5 4.0 91.7 20.8 60.0 0.0 
100 32.6 26, ,8 76 .0 4.5 97.2 30.9 37.1 3.0 
70 32.0 25, ,8 78 .0 4.0 91.7 25.6 47,3 3.4 
99 31.5 26, .3 79 .0 4.5 97.2 3.0 45.9 3.0 
56 31.4 26, .1 80 .0 4.5 72.3 29.4 75.0 3.2 
50 31.3 27. 4 70 .5 3.5 94.5 12.5 70.9 0.0 
77 31.1 19, ,1 77 .5 3.5 83.3 9.8 27.2 5.9 
86 30.1 24 , 3 77 .5 4.0 80.6 17,7 51.2 0.0 
104 30.1 26, ,3 77 .5 3.5 100.0 2.8 38.9 2.8 
27 27.9 22, .5 78 .0 3.0 94.4 44.1 70.6 5.9 
Average of 
107 families 45.6 26, .3 78 .1 3.8 93.2 23.9 51.3 1.8 
Average of 8 
selected families 55.9 27. . 0  78 .3 4.0 94.4 19.2 30.5 0.4 
Difference 10.3 0, . 7  0 .1 0.2 1.2 -4.7 -20.8 -1.5 
Standard Error 6.91 1, 15 1 .26 0.47 5.32 14.25 9.49 2.1' 
t Selected individuals 
Table B5. Mean values for yield and agronomic traits of BClFl families per 
se from [BSCBl(R)C13xCML323]-BSCBl(R)C13 crosses. Per se 
evaluation conducted in Experiment H60522 at Agronomy Farm, 
Ames, la., 1996. 
FAMILY YLD MST DTP VIG STD RTL SKL DE SEL' 
3 71.6 27. 1 78.5 3.5 97.2 62.3 17.2 0.0 t 
36 68.1 26. 9 77.0 4.0 100.0 75.8 18.7 0.0 
59 68.0 27. 4 78.0 3.5 91.7 85.0 21.2 0.0 
51 68.0 26. ,8 79.5 4.0 88.9 70.8 9.3 0.0 
21 67.9 25. ,3 77.5 3.5 100.0 36.1 5.6 0.0 t 
54 67.3 24, ,4 77.5 4.0 100.0 47.3 19.5 0.0 t 
65 66.5 27. ,0 78.5 4.0 97.2 58.0 8.4 0.0 t 
31 66.4 27. ,1 79.5 4.0 94.4 64.7 26.5 0.0 
5 66.3 27. ,0 78.5 3.5 97.2 94.5 11.5 0.0 
79 66.3 28, ,1 79.5 4.5 88.9 52.0 16.7 0.0 
35 66.0 26, ,4 78.5 4.5 94.5 54.6 21.2 0.0 1 
41 65.7 27, ,9 77.5 3.5 94.5 45.9 3.2 0.0 t 
81 65.6 25, ,5 79.0 4.5 86.1 97.1 29.0 0.0 
24 65.5 25, .0 77.0 3.0 97.2 39.7 14.1 0.0 t 
49 65.2 24, .8 77.0 3.5 97.2 51.6 8.7 0.0 t 
28 65.1 26, .5 77.5 3.5 97.2 57.2 17.3 0.0 t 
37 64.7 26, .9 77.5 3.5 97.2 51.4 14.4 0.0 t 
66 63.6 27, ,0 79.5 3.5 94.5 75.7 30.6 0.0 
48 63.3 26, ,5 79.0 4.0 88.9 31.3 9.4 0.0 t 
11 62.8 26, , e 78 . 5 4.0 91.7 60.7 36.4 0.0 
14 62.6 28, , 1 78.5 4.0 94 .4 50.0 14.7 0.0 t 
72 62.5 25, ,4 77.5 4.0 97.2 77.6 14.1 0.0 
63 62.5 26, .5 78.5 5.0 86.1 84 .7 23.1 0.0 
61 62.4 25, ,5 78.5 4.5 100.0 63.9 21.4 0.0 
56 62.3 27, .5 77.5 4.0 97.2 49.0 2.8 0.0 t 
22 62.0 26, , 6 76.5 3.5 97.2 74.7 17.2 0.0 
4 61.6 25, , 3 78.5 4.0 91.7 87.9 23.9 0.0 
t Selected individuals 
Table B5. (continued) 
FAMILY YLD MST DTP 
60 61.2 26. ,4 78.0 
68 61.1 26. ,4 78.0 
45 60.9 27. , 2 81.5 
50 60.5 27. ,0 78.5 
33 60.4 26. 2 78.0 
32 60.4 27. ,0 79.0 
40 60.2 24, ,3 78.0 
15 59.6 24. 3 79.5 
34 59.5 25. ,0 77.5 
76 59.1 24, ,6 79,0 
12 58.8 28. ,5 78.5 
78 58.6 27, ,7 77.5 
62 58.5 28, , 1 79.0 
23 58.4 28, ,6 78.5 
10 57.7 24, ,6 77.5 
67 57.6 24, .4 79.0 
6 57.5 26, , 1 77.5 
29 57.4 26, ,9 78.0 
39 57.1 26, ,2 78.5 
80 57.1 25, ,9 78.0 
19 57.0 27, .3 79.5 
9 56.8 26, .4 78.0 
57 56.7 27, .9 78.5 
43 56.7 25, .4 78.5 
75 56.5 24, ,3 77.5 
71 56.3 26, 6 79.0 
55 56.2 29, .4 79.5 
27 56.0 27, .7 78.5 
25 55.6 20. T 77.5 
2 55.2 27, ,2 78.0 
18 55.2 28, 3 78.0 
38 54.5 26. 5 77.5 
8 54 ,2 26, .9 78.0 
58 54.0 27. . L 77.0 
VIG STD RTL SKL DE SEL' 
3.5 97.2 54. 
4.0 88.9 65. 
5.5 83.3 53. 
4.5 94.4 47. 
4.0 97.2 82. 
3.5 88.9 40. 
3.5 100.0 66. 
4.5 91.7 72. 
3.5 94.5 47. 
4.5 91,7 72, 
4,5 91,7 55, 
3.0 86.1 77. 
3.5 94.5 76. 
3.5 97.2 43. 
4.0 97.2 68. 
3.0 97.2 81. 
4.0 91.7 75. 
3.5 91.7 60. 
4.0 91.7 77. 
4.5 97.2 83. 
4.5 91.7 57. 
4.0 100.0 63. 
4.5 94.4 38. 
3.0 97.2 21. 
4.0 91.7 67. 
4.5 97.2 61. 
3-5  94.5 42. 
4.0 97.2 88. 
3.5 88.9 66. 
4.5 63,9 61, 
3.5 91.7 69, 
4.0 97.2 55. 
3.5 97.2 80. 
3.0 97.2 68. 
14.3 2. 8 
15.7 0. 0 
13.4 0. 0 
5.9 0. 0 
19.8 0. 0 
12.5 0. 0 
16.7 0. 0 
30.5 0. 0 
17.1 0. 0 
17.8 0, 0 
27.2 0, 0 
12,8 0. 0 
14.6 0. 0 
14.6 0. 0 
17.7 0. 0 
35.1 0. 0 
15.1 0. 0 
6.2 3. 4 
20.6 0. 0 
31.6 0. 0 
11.8 0. 0 
16.7 0. 0 
11.8 0. 0 
21.8 0. 0 
6.1 0. 0 
11.6 0. 0 
17.4 0. 0 
22.6 0. 0 
12.6 0. 0 
12.9 0. 0 
24.1 0. 0 
23.1 0. 0 
8.7 0. 0 
17.2 0. 0 
9 
7 
4 
1 
9 
7 
7 
7 
9 
8 
5 
1 
4 
0 
1 
6 
0 
0 
2 
4 
6 
9 
3 
8 
3 
9 
8 
6 
1 
4 
4 
6 
6 
8 
Table B5. (continued) 
FAMILY YLD MST DTP VIG STD RTL SKL DE 
26 53. 8 27. 0 77. 0 3 .0 91. 7 51.0 27.8 0.0 
46 53, 5 26. 7 78. 5 4 .0 86. 1 71.5 23.1 0.0 
44 52. 7 25. 1 78. 5 4 .5 100. 0 19.5 19.5 0.0 
70 52. 7 24. 8 78. 5 4 .5 94. 5 51.1 8.7 3.2 
17 52. 5 27. 3 79. 0 4 .0 94. 4 79.4 11.8 0.0 
73 52. 3 28. 1 79. 0 3 .0 88. 9 52.2 21.4 0.0 
52 52. 0 24. 5 77. 5 4 .5 100. 0 77.9 22.2 0.0 
20 51. 3 26. 7 76. 5 3 .5 97. 2 56.9 19.9 0.0 
82 51. 2 24. 3 77. 5 3 .0 88. 9 66.7 11.9 0.0 
47 50. 6 27. 5 79. 5 5 .0 97. 2 37 .5 14.6 0.0 
69 50. 5 27 . 2 78 . 5 4 .0 94. 5 52.1 20.2 0.0 
77 50. 3 25. 4 79. 0 4 .5 91. 7 58.3 15.3 0.0 
13 49. 2 25. 3 77. 5 4 .0 91. 7 82.3 8.4 3.4 
7 49. 2 26. 5 80. 0 4 .0 88. 9 60.7 21.1 0.0 
74 48. 9 27. 5 77 . 5 4 .0 86. 1 80.7 19.4 0.0 
30 48. 2 25. 0 78. 0 4 .0 94. 4 76.5 14.7 0.0 
53 47. 7 26. 5 79. 5 5 .0 86. 1 16.3 26.3 0.0 
42 45. 3 28. 0 79. 5 5 .0 72. 2 31.7 11.5 0.0 
64 43. 3 23. 2 80. 0 5 .5 61. 1 44.5 2.8 0.0 
16 37. 5 26. 1 78. 5 3 .5 94. 5 77.1 38.6 0.0 
1 32. 7 25. 6 78. 5 4 .0 72. o 74 .2 28.8 5.6 
Average of 
82 families 57. 9 26. 4 78. 3 4 .0 92. 6 61.7 17.3 0.2 
Average of 20 
selected families 63. 5 26. 4 78. 2 3 .8 95. 0 48.0 12.4 0.3 
Difference 5. 6 0. 0 -0. 2 -0 .2 2. 4 -13.7 -5.0 0.1 
Standard Error 6. 91 1. 15 1. 26 0 .47 5. 32 14.25 9.49 2.1^ 
SEL' 
t Selected individuals 
Table B6. Mean values for yield and agronomic traits of BCIFI families per 
se from [BSSS(R)CI3xCML327]-BSSS(R)C13 crosses. Per se 
evaluation conducted in Experiment H60522 at Agronomy Farm, 
Ames, la., 1996. 
IMILY YLD MST DTP VIG STD RTL SKL D E  SEL' 
6 4  7 5 .  4  2 9 .  , 3  8 0 .  , 0  3 ,  , 5  9 4 ,  , 5  3 .  , 2  2 .  . 8  3 .  , 2  t 
3 2  7 3 .  7  2 6 ,  , 0  8 0 .  , 0  2 .  . 5  9 7 ,  , 2  11. , 1  4 2 .  , 8  3 .  , 0  
6 9  7 1 .  9  2 6 .  , 9  8 0 .  , 5  3 .  , 5  9 1 ,  . 7  2 .  , 8  2 6 .  , 7  0 .  , 0  t 
4 2  6 7 .  9  2 7 .  O . I. 7 9 .  , 0  4 .  . 0  9 4 ,  , 4  0 .  , 0  2 3 .  . 6  3 .  . 0  t 
2 4  6 7 .  2  2 8 ,  . 9  8 0 ,  , 5  4  .  , 0  9 4 .  , 4  0 .  , 0  2 6 .  . 5  0 .  , 0  t 
5 0  6 7 .  1  2 8 .  , 1  8 0 ,  . 5  4  .  . 0  9 7 .  , 2  1 1 .  , 5  5 .  , 9  3 .  , 0  t 
7 3  6 5 .  8  2 6 .  , 4  8 1 ,  , 5  3 ,  , 5  8 8 .  , 9  3 .  . 2  2 1 .  . 9  0 ,  , 0  t 
4 7  6 4 .  0  2 8 .  , 3  8 0 .  , 0  4 ,  , 5  9 4 .  , 4  0 .  , 0  1 7 .  , 7  0 .  , 0  t 
8  6 2 .  4  2 9 .  , 9  8 0 .  , 0  4 .  , 0  9 1 ,  , 7  2 .  . 8  1 8 ,  , 9  0 .  , 0  
9  6 2 .  4  2 8 .  . 4  7 9 .  . 5  3 ,  . 5  9 4  ,  . 5  0 ,  , 0  8 ,  . 7  2 ,  . 8  t 
5  6 2 .  1  2 7 .  . 6  7 9 .  . 5  3 ,  , 0  100, . 0  2 ,  . 8  2 5 ,  . 0  0 ,  . 0  t 
6 7  6 2 .  0  2 8 .  . 0  8 1 .  . 0  4 ,  , 0  9 7 ,  . 2  3 .  , 0  2 6 ,  . 0  3 ,  , 0  t 
4 8  6 1 .  4  2 8 .  , 1  8 0 .  . 5  3 ,  . 5  9 7 .  . 2  3 ,  . 0  2 ,  . 8  0 ,  . 0  t 
6 0  6 1 .  4  2 6 .  . 8  7 9 .  , 0  3 ,  . 5  9 7 ,  . 2  5 ,  , 8  1 1 ,  . 8  0 ,  . 0  t 
6 5  6 0 .  8  2 8 .  . 7  7 8 .  . 5  4 ,  , 0  8 8 ,  . 9  2 ,  . 8  3 5 ,  . 4  7 ,  . 2  
3 4  6 0 .  4 2 9 ,  . 4  7 8 .  . 5  3 ,  . 5  9 7 ,  . 2  5 ,  . 6  1 4 ,  . 3  0 ,  . 0  
6 1  5 9 .  9  2 9 .  . 1  8 0 ,  . 0  4 ,  .0 8 8 ,  . 9  3 ,  . 0  1 8 ,  . 8  0 ,  . 0  t 
2 0  5 9 .  8  2 6 ,  . 0  8 0 ,  . 5  3 ,  . 0  9 1 ,  . 7  3 ,  . 0  2 4 ,  . 1  0 ,  . 0  t 
1 2  5 9 .  3  2 9 ,  . 1  8 0 ,  . 5  4 ,  . 0  9 4  . 5  2 4 ,  . 7  3 ,  . 2  0 ,  . 0  
3 8  5 9 .  2  2 7 ,  , 4  7 8 ,  . 5  4 , . 0  9 7 ,  . 2  8 ,  .4 1 4 ,  . 4  0 ,  . 0  t 
4 6  5 8 .  5  2 7 ,  , 4  8 1 ,  . 5  5 ,  . 0  9 4 ,  . 5  2 0 ,  . 9  3 4 ,  . 1  0 ,  . 0  
7 6  5 8 .  2  2 8 ,  , 5  8 2 ,  . 0  4 ,  . 5  8 6 ,  . 1  1 0 ,  . 7  2 6 ,  . 7  0 ,  . 0  t 
5 0  5 7 ,  7  2 9 ,  . 5  8 2 ,  . 5  5 ,  , 0  8 6 ,  . 1  6 ,  . 3  2 2 ,  . 9  0 ,  . 0  
2 3  5 7 .  6  2 6 ,  .  1  8 0 ,  . 5  3 ,  . 0  9 7 ,  . 2  0 ,  . 0  1 3 ,  . 9  0 ,  . 0  t 
2 2  5 7 .  4  2 3 ,  , 5  7 8 ,  . 5  3 ,  . 0  9 7 ,  . 2  0 ,  . 0  3 5 ,  . 0  5 ,  . 8  
2 9  5 7  .  4  2 7  .  *) 8 0 ,  . 5  4  ,  . 5  9 7  . 2  0 ,  . 0  3 1 ,  . 4  0 ,  . 0  
7 0  5 7 .  4  2 6 ,  . 0  7 8  ,  . 0  3 ,  . 5  9 7 ,  . 2  8 ,  . 8  1 7 ,  . 2  0 .  . 0  t 
t Selected individual? 
Table B6. (continued) 
FAMILY YLD MST DTP 
3 6  5 7 . 0  2 9 .  , 5  8 0 . 0  
2 5  5 6 . 9  2 9 ,  O  . L. 7 9 . 5  
4 0  5 6 . 6  2 8 .  ,  1  8 0 . 5  
5 3  5 6 . 6  2 9 ,  , 1  8 2 . 0  
5 6  5 6 . 4  2 8 ,  , 6  7 8 . 0  
4  5 6 . 3  2 7 ,  . 1  8 0 . 0  
7 1  5 6 . 3  3 0 ,  • ^ 7 8 . 0  
7 9  5 6 . 2  2 8 ,  , 5  8 2 . 5  
4 1  5 6 . 1  2 7 ,  7 9 . 0  
2 1  5 6 . 0  2 7 ,  , 8  7 8 . 5  
5 7  5 6 . 0  2 7 ,  , 7  8 1 . 0  
3 7  5 5 . 0  2 8 ,  , 8  8 0 . 0  
4 4  5 5 . 0  2 8 ,  , 3  7 9 . 5  
3 0  5 4 . 3  2 7 ,  , 9  8 1 . 0  
1 5  5 4 . 2  2 9 ,  , 8  7 8 . 5  
6 3  5 3 . 9  2 8 ,  , 3  8 0 . 5  
7 5  5 3 . 4  3 1 ,  , 0  8 1 . 0  
3 9  5 3 . 3  2 9 ,  , 4  7 9 . 0  
5 1  5 3 . 3  2 7 ,  , 6  8 1 . 5  
6 6  5 3 . 3  2 9 ,  , 3  8 0 . 5  
7  5 3 . 0  2 6 ,  C. . sJ 8 0 . 0  
1 8  5 2 . 3  2 6 ,  , 5  7 8 . 5  
1 7  5 2 . 2  2 7 ,  , 6  8 0 . 5  
6 8  5 2 . 0  2 8 ,  , 8  7 8 . 5  
3  5 1 . 7  2 6 .  , 8  7 9 . 5  
2 7  5 1 . 3  2 6 ,  . 4  8 0 . 0  
5 2  5 1 . 3  2 9 .  . 9  8 0 . 5  
1 9  5 1 . 1  2 7 .  . 3  7 9 . 5  
7 2  5 1 . 0  2 7 .  , 0  7 8 . 5  
2 6  5 0 . 9  2 7 ,  . B  7 9 . 5  
2 8  5 0 . 8  2 6 .  . 8  7 9 . 0  
3 1  5 0 . 8  2 9 ,  , 4  7 8 . 5  
6 2  5 0 . 6  2 8 .  ') 8 0 . 0  
5 5  4 9 . 3  2 8 .  . 9  8 2 . 0  
VIG STD RTL SKL DE SEL' 
4 . 0  9 7 .  2  3 .  0  1 7 . 2  3 . 0  
3 . 0  9 4 .  5  3 .  2  2 4 . 0  0 . 0  
4 . 5  9 4  .  4  0 .  0  1 7 . 7  0 . 0  
3 . 5  9 7 .  2  1 1 .  3  1 7 . 0  0 . 0  
3 . 5  9 1 .  7  3 .  4  1 0 . 0  0 . 0  
4 . 0  8 8 .  9  0 .  0  2 5 . 1  3 . 2  
3 . 5  9 7 .  2  5 .  9  1 4 . 6  0 . 0  
4 . 5  8 8 .  9  3 .  4  9 . 6  0 . 0  
4 . 0  9 7 .  2  2 .  8  2 8 . 4  0 . 0  
3 . 5  9 1 .  7  9 .  1  1 8 . 0  0 . 0  
4 . 0  7 7 .  8  1 0 .  7  2 5 . 0  0 . 0  
3 . 5  8 8 .  9  0 .  0  1 5 . 7  0 . 0  
4 . 0  8 8 .  9  0 .  0  2 4 . 0  0 . 0  
3 . 5  9 4 .  4  3 .  0  2 3 . 6  3 . 0  
4 . 0  8 8 .  9  0 .  0  9 . 4  3 . 2  
3 . 5  100. 0  2 .  8  8 . 4  0 . 0  
4 . 0  9 4 .  5  2 .  8  1 4 . 3  2 . 8  
4 . 0  9 1 .  7  0 .  0  1 8 . 0  0 . 0  
3 . 5  8 6 .  1  0 .  0  2 6 . 1  0 . 0  
4 . 0  9 7 .  2  1 4 .  4  1 6 . 9  5 . 8  
4 . 0  9 7 .  2  3 .  0  2 5 . 8  0 . 0  
3 . 5  1 0 0 .  0  0 .  0  1 6 . 7  0 . 0  
5 . 0  8 3 .  4  3 .  6  1 0 . 3  3 . 6  
4 . 0  8 8 .  9  0 .  0  2 5 . 0  0 . 0  
4 . 0  8 3 .  4  0 .  0  2 7 . 3  0 . 0  
4 . 0  8 8 .  9  0 .  0  3 5 . 5  0 . 0  
4 . 0  1 0 0 .  0  2 7 .  8  2 2 . 3  2 . 8  
4 . 5  9 1 .  7  0 .  0  2 5 . 6  0 . 0  
3 . 0  8 6 .  1  3 .  4  1 5 . 9  0 . 0  
4 . 0  9 1 .  7  0 .  0  1 8 . 0  0 . 0  
4 . 0  8 6 .  1  6 .  3  1 9 . 6  0 . 0  
3 . 0  9 7 .  2  8 .  5  1 4 . 6  0 . 0  
4 . 5  8 8 .  9  0 .  0  1 5 . 7  0 . 0  
4 . 0  9 4  .  4  0 .  0  3 5 . 3  3 . 0  
Table B6. (continued) 
FAMILY YLD MST DTP VIG STD RTL SKL DE 
10 49.0 27. 4 82.0 4 .5 94.4 11.8 17.7 0.0 
33 48.9 29. 82.0 4 .5 100.0 2.8 19.5 2.8 
74 48.8 30. 0 80.0 4 .0 86.1 0.0 13.2 0.0 
14 48.1 32. 5 79.0 4 .0 88.9 0.0 3.0 0.0 
11 47.8 27. 3 80.5 4 .5 91.7 3.2 21.2 3.2 
13 47.7 28. 7 78.5 4 .0 94.5 3.2 26.4 3.2 
6 46.9 27. 8 81.5 4 .5 94.4 1 1 . 1  11.8 0.0 
45 46.5 29. 4 78.0 3 .5 91.7 0.0 20.8 0.0 
54 46.2 28. 2 81.5 5 .0 91.7 6.3 33.7 0.0 
2 45.9 26. 5 79.5 4 .5 86.1 3.2 26.5 3.2 
35 43.7 28. 5 80.5 4 .5 91.7 6.3 12.5 0.0 
43 40.3 30. 9 78.5 4 .5 91.7 0.0 24.7 0.0 
1 39.9 27. 9 79.0 4 .0 94.5 0.0 32.7 2.8 
59 39.9 30. 6 80.5 5 .5 91.7 12.2 31.7 2.8 
49 36.8 22. 5 81.5 4 .0 88.9 23.0 32.2 6.7 
16 29.8 25. 9 82.0 4 .0 69.5 3.4 31.7 0.0 
Average of 
77 families 54.8 28. 1 80.0 3 .9 92.4 4.7 20.5 1.1 
Average of 23 
selected families 61.8 27. 8 80.1 3 .7 94.1 4.2 16.8 0.6 
Difference 7.1 -0. 3 0.1 -0 .2 1.7 -0.6 -3.7 -0.5 
Standard Error 6.91 1. 15 1.26 0 .47 5.32 14.25 9.49 2.1^ 
SEL' 
t Selected individuals 
Table B7. Mean values for yield and agronomic traits of BCIFI families per 
se from [CML323xB97]-B97 crosses. Per se evaluation conducted in 
Experiment H60522 at Agronomy Farm, Ames, la., 1996. 
FAMILY YLD MST DTP VIG STD RTL SKL DE SEL 
3 62.5 25. 4 77.5 4.0 94.5 60.8 12.2 0.0 t 
1 61.0 25. 2 77.5 3.5 86.1 56.3 6.5 0.0 t 
6 59.3 25. 4 70.5 4.5 86.1 61.9 35.7 0.0 
5 58 .3 24 . 0 78 .5 3.5 94 . 5 S3. 9 22.6 0.0 t 
4 52.1 25. 5 78.5 4.0 91.7 36.8 12.4 0.0 t 
2 51.2 28 . 1 77.5 4.0 88.9 68.8 15.7 0.0 
7 47.6 25. 9 79.5 4.0 88.9 67.5 19.4 0.0 
Average of 
7 families 56.0 25. 6 78.1 3.9 90.1 58.0 17.6 0.0 
Average of 4 
selected families 58.5 25. 0 78.0 3.8 91.7 51.9 13.4 0.0 
Difference 2.5 -0. 6 -0.1 -0.2 1.6 -6.1 -4.2 0.0 
Standard Error 6.91 1.15 1.26 0.47 5.32 14.25 9.49 2.14 
t Selected individuals 
Table B8. Mean values for yield and agronomic traits of BCIFI families per 
se from [CML324xB97]-B97 crosses. Per se evaluation conducted in 
Experiment H60522 at Agronomy Farm, Ames, la., 1996. 
FAMILY YLD MST DTP VIG STD RTL SKL DE 
6 65.9 29.3 82.5 3 .5 97.2 63.3 5.9 0.0 
2 41.1 25.0 79.0 3 .5 94.5 61.2 12.1 0.0 
5 35.3 25.4 80.0 3 .0 100.0 59.4 22.5 0.0 
1 34.9 26.5 78.5 3 .0 91.7 44.5 2.8 0.0 
3 31.8 24.2 79.0 3 .0 94.5 60.1 8.7 0.0 
4 31.3 25.2 79.5 4 .0 88.9 57.6 15.5 0.0 
7 20.2 26.3 80.5 3 .5 83.3 66.7 10.0 0.0 
Average of 
7 families 38.3 26.0 79.9 3 .4 92.9 58.9 11.1 0.0 
Average of 1 
selected family 34.9 26.5 78.5 3 .0 91.7 44.5 2.8 0.0 
Difference -3.4 0.5 -1.4 -0 .4 -1.2 -14.5 -8.3 0.0 
Standard Error 6.91 1.15 1.26 0 .47 5.32 14.25 9.49 2.1^ 
SEL' 
t Selected individuals 
Table B9. Mean values for yield and agronomic traits of BClFl families per 
se from [CML327xB73]-B73 crosses. Per se evaluation conducted 
in Experiment H60522 at Agronomy Farm, Ames, la., 1996. 
IMILY YLD MST DTP VIG STD RTL SKL DE 
11 7 2 . 5  2 9 .  6 8 0 . 5  2 . 0  9 7 . 2  4 8 . 1  2 8 . 6  0 . 0  
34 6 3 . 4  2 8 .  5  8 2 . 0  4 . 0  9 7 . 2  1 1 . 8  1 7 . 5  5 . 9  
1 4  6 1 . 0  2 7 .  9  8 2 . 5  4 . 0  9 7 . 2  8 . 4  4 7 . 9  0 . 0  
1  5 9 . 7  2 8 .  9  8 3 , 5  4 . 5  8 6 , 1  3 . 4  2 9 . 6  3 . 4  
8  5 8 . 5  2 9 .  9  8 2 . 5  4 . 0  9 4 . 4  1 1 . 8  3 2 . 4  5 . 9  
2  5 8 . 2  2 9 .  2  8 2 . 0  3 . 0  9 7 . 2  8 . 2  2 7 . 6  2 . 7  
3 5  5 7 . 0  2 6 .  9  8 1 . 0  4 . 0  9 4 . 5  3 . 2  2 4 . 7  3 . 2  
1 2  5 6 . 5  2 9 .  5  8 3 . 0  4 . 5  8 8 . 9  2 2 . 2  2 5 . 5  0 . 0  
3 1  5 6 . 2  2 8 .  1  8 1 . 5  4 . 0  1 0 0 . 0  1 3 . 9  2 5 . 0  5 . 6  
3  5 5 . 5  2 8 .  2  8 3 . 0  5 . 0  9 4 . 4  1 4 . 7  3 2 . 4  5 . 9  
4 2  5 5 . 1  2 8 .  5  8 0 . 0  3 . 5  8 6 . 1  1 3 , 7  2 3 . 1  7 . 2  
3 0  5 4 . 7  2 8 .  4  8 1 . 0  4 . 0  7 5 . 0  0 . 0  8 . 4  5 . 6  
2 6  5 4 . 6  2 9 .  9  8 2 , 5  4 . 5  8 6 . 1  6 . 7  1 2 . 9  6 . 7  
5  5 3 . 8  2 9 .  9  8 3 . 0  4 . 5  9 7 . 2  8 . 8  2 2 . 9  0 . 0  
9  5 3 . 7  2 8 .  8  8 3 . 5  4 . 5  8 0 . 6  1 0 . 0  2 3 . 6  0 . 0  
1 7  5 3 . 5  2 9 .  5  8 2 . 0  4 . 0  9 4 . 4  1 1 . 8  2 0 . 6  3 . 0  
3 7  5 3 . 5  2 8 .  6  8 2 . 0  3 . 0  8 6 . 1  0 . 0  1 0 . 1  7 . 2  
7  5 3 . 1  2 9 .  8  8 2 . 5  3 . 5  9 7 . 2  1 1 . 3  0 . 5  2 . 8  
2 3  5 2 . 6  3 0 .  3  8 2 . 0  4 . 0  8 8 . 9  6 . 7  1 3 . 0  0 . 0  
3 2  51.5 2 6 .  3 81.5 3.5 97 . 2 0 . 0  42 . 2 0 . 0  
1 6  5 1 . 3  2 9 .  4  8 1 . 5  3 . 0  9 7 . 2  1 7 . 2  2 0 . 5  3 . 0  
2 1  5 1 . 1  2 8 .  S  8 4 . 5  4 . 0  8 6 . 1  2 0 . 2  3 3 . 2  3 . 0  
2 9  5 0 . 3  2 9 .  4  8 2 . 0  4 . 0  9 4 . 4  3 . 0  2 9 . 4  8 . 9  
1 5  5 0 . 1  2 9 .  2 8 3 . 0  4 . 5  1 0 0 . 0  1 9 . 5  2 7 . 8  5 . 6  
1 8  4 9 . 5  2 8 .  5  8 2 . 0  3 . 5  9 7 . 2  1 1 . 6  4 3 . 3  3 . 0  
3 9  4 9 . 4  2 8 .  4  8 1 . 5  3 . 0  9 1 . 7  1 1 . 8  2 7 . 2  8 . 8  
2 0  4 9 . 2  2 8 .  9  8 3 . 0  4 . 5  9 4 . 4  0 . 0  1 4 . 7  8 . 8  
4 1  4 9 . 1  2 8 .  3  8 2 . 0  4 . 5  9 4  . 4  1 4 . 7  3 2 . 4  0 . 0  
2 4  4 8 . 8  2 8 .  9  8 2 . 0  4 . 0  9 7 . 2  1 1 . 6  2 9 . 0  3 . 0  
SEL' 
t Selected individuals 
Table B9. (continued) 
FAMILY YLD MST DTP VIG STD RTL SKL DE 
22 48.5 30.1 83.5 4.5 86.1 9.8 22.5 9.4 
38 48.2 27.1 82.5 4.0 91.7 5.9 38.8 3.0 
13 47.4 27.2 82.5 3.5 94.5 3.2 37.5 2.8 
28 47.3 30.6 83.5 3.5 94.4 5.9 20. 6 5.9 
33 47.2 27 .0 92.0 4.0 91.7 12.2 33.5 3.2 
36 46.8 28.9 83.5 5.0 94.4 00
 
23.6 8.8 
43 45.8 29.4 83.0 4.0 94.4 3.0 17 .7 8.8 
4 45.6 29.5 83.0 4.0 88.9 15.1 36.5 0.0 
6 44.9 29.0 05.0 6.0 91.7 6.3 33.3 0.0 
27 44.1 28.2 82.5 4.0 69.5 0.0 17.1 7.2 
25 44.1 29.6 83.0 3.5 91.7 5.9 33.8 6.3 
19 43.7 29.1 83.0 4.0 97.2 22.6 28.1 5.6 
40 43.4 28.7 83.5 4.0 100.0 16.4 25.0 5.6 
10 43.1 30.0 84.0 4.0 91.7 18.0 39.4 3.0 
Average of 
43 families 51.7 28.8 82.5 4.0 92.2 10.7 26.5 4.1 
Average of 9 
selected families 56.8 28.4 81.8 3.8 89.2 7.1 21.1 4.5 
Difference 5.1 -0.4 -0.7 -0.1 -3.0 -3.6 -5.5 0.4 
Standard Error 6.91 1.15 1.26 0.47 5.32 14.25 9.49 2.14 
SEL' 
+ Selected individuals 
Table BIO. Mean values for yield and agronomic traits of BCIFI families per 
se from [CML328xB97]-B97 crosses. Per se evaluation conducted 
in Experiment H60522 at Agronomy Farm, Ames, la., 1996. 
FAMILY YLD MST DTP VIG STD RTL SKL DE SEL 
11 58.0 27.9 78.5 3.0 97.2 53.6 25.4 0.0 
3 55.1 26.1 77.5 4.0 94.5 61.1 21.2 0.0 t 
6 52.9 26.2 82.5 3.5 86.1 61.4 15.3 0.0 
10 51.5 28.7 77.0 4.0 97.2 28.8 17.4 0.0 
1 50.3 26.5 79.5 4.0 94 .5 36.1 20.9 0.0 
8 48.5 28.2 82.5 4.0 91.7 34.6 39.5 0.0 
5 47.9 24.4 78.5 4.0 88.9 65.7 12.5 0.0 t 
1 42.7 29.4 82.5 4.0 97.2 38.3 11.6 0.0 t 
9 42.4 28.8 80.5 3.5 91.7 44.5 23.9 0.0 
4 40.4 24.9 81.5 4.5 88.9 57.1 15.5 0.0 
2 38.4 25.4 78.0 4.0 88.9 49.6 22.6 0.0 
Average of 
11 families 48.0 27.0 79.9 3.9 92.4 48.2 20.5 0.0 
Average of 3 
selected families 48.5 26.6 79.5 4.0 93.5 55.0 15.1 0.0 
Difference 0.5 -0.3 -0.4 0.1 1.1 6.8 -5.4 0.0 
Standard Error 6.91 1.15 1.26 0.47 5.32 14.25 9.49 2.14 
t Selected individuals 
Table Bll. Mean values for yield and agronomic traits of BCIFI families per se 
from [G18(C19)MH100xB73]-B73 crosses. Per se evaluation conducted 
in Experiment H60522 at Agronomy Farm, Ames, la., 1996. 
FAMILY YLD MST DTP VIG STD RTL SKL DE SEL' 
2 5  7 3 . 0  2 5 ,  . 4  7 7 . 0  3 . 5  9 4 . 5  2 5 . 0  2 6 . 1  0 . 0  
24 6 4 . 7  2 7  , 4  7 9 . 5  4 . 0  9 4 . 4  3 . 0  2 0 . 6  0 . 0  
13 6 2 . 5  2 5 , 7  8 0 . 0  4 . 0  9 1 . 7  9 . 4  2 8 . 0  0 . 0  
2 6  6 1 . 5  2 6 . 2  8 0 . 0  3 . 5  9 4 . 4  3 . 0  2 0 . 6  5 . 9  
5  6 1 . 2  2 7  . 2  7 9 . 0  3 . 0  9 7 . 2  5 . 6  2 5 . 4  3 . 0  
5 4  6 0 . 1  2 6  . 0  7 9 . 5  3 . 0  9 1 . 7  3 . 2  3 4 . 1  3 . 2  
2 3  5 9 . 5  2 4  . 4  8 0 . 0  3 . 5  9 7 . 2  0 . 0  4 0 . 7  5 . 9  
4 5  5 6 . 6  2 7  . 0  7 9 . 5  4 . 0  9 1 . 7  1 5 . 7  6 . 3  0 . 0  
3 3  5 6 . 0  2 3  . 2  7 9 . 0  3 . 5  9 4 . 5  1 5 . 3  2 7 . 5  3 . 2  
4 8  5 5 . 7  2 6  . 1  8 0 . 0  4 . 0  8 6 . 1  3 . 6  2 5 . 0  3 . 0  
2  5 5 . 6  2 5  . 1  8 0 . 0  4 . 0  9 4 . 4  1 4  . 7  2 6 . 5  0 . 0  
3  5 5 . 5  2 5  . 1  8 0 . 5  4 . 0  9 7 . 2  1 4 . 1  3 9 . 6  0 . 0  
4 6  5 5 . 5  2 7  . 0  7 9 . 5  4 . 0  9 7 . 2  1 4 . 6  2 8 . 8  3 . 0  
3 0  5 5 . 4  2 7  . 1  7 9 . 5  3 . 5  9 7 . 2  0 . 0  2 3 . 6  5 . 9  
7  5 5 . 1  2 6  . 5  8 1 . 0  5 . 0  9 4 . 4  5 . 9  2 0 . 6  0 . 0  
4 2  5 5 . 0  2 6  . 5  8 0 . 5  4 . 5  9 4 . 5  1 2 . 5  2 7 . 5  6 . 3  
2 7  5 4 . 7  2 6  . 5  8 0 . 5  4 . 5  9 7 . 2  0 . 0  2 2 . 2  0 . 0  
4 4  5 4 . 5  2 6  . 2  8 0 . 0  4 . 0  9 7 . 2  3 . 0  2 8 . 8  2 . 8  
9  5 4 . 3  2 6  . 9  7 9 . 5  3 . 0  8 8 . 9  3 . 4  1 8 . 4  5 . 9  
1 6  5 4  . 2  3 0  . 0  7 8 . 5  2 . 5  9 4 . 5  1 2 . 5  3 4 . 4  0 . 0  
2 0  5 4 . 0  2 5  . 6  8 1 . 0  4 . 5  8 8 . 9  1 0 . 7  3 6 . 1  3 . 6  
3 4  5 3 . 5  2 6  . 4  8 0 . 0  4 . 0  0 6 . 1  0 . 0  2 6 . 1  0 . 0  
3 1  5 3 . 4  2 5  . 8  7 8 . 5  3 . 0  9 7 . 2  8 . 8  2 2 . 6  3 . 0  
j Selected individuals 
Table Bll. (continued) 
FAMILY YLD MST DTP VIG 
6  5 3 . 0  2 5  . 9  8 0 . 5  4 . 0  
1 7  5 2 . 7  2 6  . 9  8 1 . 0  3 . 5  
5 1  5 1 . 5  2 5  . 1  8 0 . 0  3 . 5  
3 5  5 1 . 3  2 5 . 1  8 0 . 0  3 . 5  
3 9  5 1 , 3  2 6 . 7  8 0 . 0  4 . 5  
5 5  5 0 . 8  2 5  . 3  7 9 . 5  4 . 5  
4 1  5 0 . 4  2 6  . 1  7 9 . 0  3 . 0  
3 6  5 0 . 2  2 6  . 5  7 9 . 5  3 . 5  
1 1  5 0 . 1  2 6  . 9  8 0 . 0  4 . 5  
1  5 0 . 1  2 4  . 0  8 0 . 0  4 . 0  
4 7  5 0 . 1  2 6  . 1  7 8 . 5  3 . 5  
4 9  4 9 . 9  2 4  . 6  7 9 . 5  3 . 5  
1 3  4 9 . 6  2 6  . 0  8 1 . 0  4 . 0  
1 5  4 9 . 4  2 5  . 5  8 0 . 5  5 . 0  
5 2  4 9 . 0  2 5  . 9  7 9 . 0  3 . 0  
4 3  4 8 . 7  2 2  . 9  8 1 . 0  4 . 5  
1 8  4 8 . 6  2 7  . 0  7 9 . 0  3 . 5  
1 4  4 8 . 4  2 6  . 8  8 0 . 0  4 . 0  
2 9  4 8 . 4  2 5  . 4  8 0 . 0  4 . 0  
5 0  4 8 . 3  2 3  . 7  8 0 . 0  4 . 0  
2 1  4 7 . 1  2 5  . 9  8 1 . 0  5 . 0  
1 0  4 5 . 6  2 6  . 4  8 3 . 0  5 . 5  
1 2  4 5 . 6  2 7  . 1  8 1 . 5  4 . 5  
5 3  4 4 . 9  2 4  . 7  8 0 . 0  4 . 0  
3 2  4 3 . 6  2 5  . 0  7 9 . 0  4 . 0  
4 0  4 3 . 5  2 5  . 5  8 0 . 0  4 . 0  
8  4 3 . 1  2 6  . 8  8 1 . 5  4 . 5  
3 7  4 2 . 1  2 5  . 5  8 0 . 5  4 . 5  
STD RTL SKL DE SEL' 
9 7  . 2  2 . 8  
9 7  . 2  3 . 0  
9 4  . 5  0 . 0  
9 4  . 5  0 . 0  
9 1  . 7  0 . 0  
9 4  . 4  5 . 9  
8 6  . 1  1 0 . 7  
9 1  . 7  0 . 0  
9 1  . 7  3 . 2  
100 . 0  1 3 . 9  
9 1  . 7  0 . 0  
9 7  . 2  0 . 0  
8 3  . 4  1 2 . 5  
9 4  . 5  0 . 0  
9 4  . 5  6 . 0  
9 4  . 5  1 5 . 3  
9 4  . 5  6 . 3  
9 7  . 2  1 4  . 7  
8 6  . 1  1 0 . 7  
8 8  . 9  2 1 . 5  
9 7  . 2  0 . 0  
9 1  . 7  9 . 4  
9 1  . 7  6 . 1  
8 3  . 4  8 . 4  
9 7  . 2  8 . 7  
8 6  . 1  6 . 3  
9 4  . 4  3 . 0  
8 8  . 9  0 . 0  
. 5  3 . 0  
. 4  5 . 9  
. 6  2 . 8  
. 3  3 . 2  
. 9  0 . 0  
. 7  5 . 9  
. 6  3 . 6  
. 2  6 . 3  
.  6  0 . 0  
. 2  5 . 6  
. 6  3 . 2  
. 2  3 . 0  
. 2  4 . 2  
. 4  0 . 0  
. 7  0 . 0  
. 6  6 . 0  
. 4  3 . 2  
. 5  8 . 7  
. 6  0 . 0  
. 5  3 . 6  
. 4  0 . 0  
. 8  5 . 9  
. 9  0 . 0  
. 5  1 1 . 2  
. 4  3 . 0  
. 0  0 . 0  
. 5  3 . 0  
. 7  9 . 6  
4 0  
3 4  
3 1  
30 
3 5  
1 4  
4 1  
37 
18  
27 
18 
26  
2 9  
3 3  
2 5  
3 0  
17 
2 6  
4 5  
4 0  
28  
3 8  
3 5  
37 
4 6  
2 9  
26 
2 4  
Table Bll. (continued) 
FAMILY YLD MST DTP VIG STD RTL SKL DE 
28 40.3 25. 4 79.0 3.5 91.7 18.8 28.2 3.0 
22 39.3 25. 6 80.5 4.0 88.9 0.0 43.0 3.4 
38 37.1 25. 7 81.0 4.5 97.2 0.0 31.7 5.9 
4 36.2 25. 4 81.0 4.5 91.7 3.0 45.8 0.0 
Average of 
55 families 51.5 25. 9 80.0 3.9 93.1 6.8 29.6 3.0 
Average of 12 
selected families 56,4 26,5 79,7 3.8 93.3 4,6 20,5 2,7 
Difference 4.9 0. 6 -0.3 -0.1 0.2 -2.2 -9.1 -0.3 
Standard Error 6.91 1. 15 1.26 0.47 5.32 14.25 9.49 2.14 
SEL' 
t Selected individuals 
Table B12. Mean values for yield and 10 agronomic traits of BCIFI testcrosses. 
Testcross evaluation conducted in experiment H80022 in five Iowa locations 
during 1998. 
SEL 
Ent Pedigree YLD MST Si! RTL SKL DE PLT-HT EAR-HT DTP DTS TW INDEX' 
1 [BS26*lxCML3Z3 -12XLH198 95. 8 22. 1 87. 3 2. 3 10. 5 0. 0 245.1 110. 6 72. 5 73. 2 223. 8 54. 7 
2 [BS26*lxCML323 -17XLH198 89. 9 23. 3 87. 5 1. 7 10. 8 0. 0 222. 8 111. 5 71. 7 72. 9 215. 5 49. 2 
3 [BS26*lxCML323 -34XLH198 92. 5 23. 2 86. 2 1. 9 9. 3 0. 0 241. 2 117. 2 73. 3 74. 1 227, 8 52. 1 
4 (BS26*lxCML323 -36XLH198 93.3 22. 6 87. 3 2. 2 11. 8 0. 2 238. 4 116. 6 73. 9 73. 9 221. 0 51. 7 
5 [BS26*lxCML323 -48XLH198 93. 4 22. 9 87. 3 1. 6 9. 3 0. 2 239. 0 107. 7 73. 3 73. 5 224. 0 53. 1 
6 [BS26*lxCML323 -79XLH198 86. 3 23. 0 85. o 1. 9 10. 8 0. 2 232. 9 113. 2 72. 7 74. 8 224. 0 46. 5 
7 (BS26*lxCML323 -94XLH198 94. 8 23. 6 86. 4 2. 7 7. 5 0. 0 239. 4 124. 4 74. 4 74. 7 225, 0 54 . 4 
8 [BS26*lxCML323 -106xLH198 91. 8 23. 2 86. 2 1. 6 11. 9 0. 0 247. 4 118. 6 74. 5 74, 8 224, 0 50. 2 
9 [BSll*lxCML323 -3xLH198 92. 5 21. 7 86. 9 0. 9 3. 2 0. 0 237. 1 110. 2 72. 7 73. 8 220, 3 56. 8 
10 [BSll*lxCML323 -12xLH198 89. 2 21. 4 86. 6 0. 3 7. 5 0. 0 226. 8 105. 2 73. 3 74. 4 218. 3 52. 2 
11 [BSll*lxCML323 -17XLH198 88. 4 22. 1 86. 9 0. 7 8. 5 0. 2 240. 0 113. 8 72. 5 72. 8 224. 3 50. 4 
12 [BSll*lxCML323 -18XLH198 82. 1 21. 0 87. 4 1. 6 6. 9 0. 2 227. 1 109. 3 72. 4 72. 9 222. 3 46. 7 
13 [BSll*lxCML323 -20XLH198 84. 6 21. 5 86. 1 2. 3 11. 4 0. 0 227. 0 104. 5 72. 3 72. 8 219. 5 45. 7 
14 [BSll*lxCML323 -23xLH198 85. 6 21. 7 87. 1 2. 9 7. 3 0. 2 240. 1 115. 4 71. 8 73. 0 221. 8 48. 4 
15 (BSll*lxCML323 -25xLH198 95. 1 20. 6 84. 6 1. 9 4 . 5 0. 0 230. 9 105. 9 72. 5 73. 7 220. 0 58. 6 
16 [BSll*lxCML323 -26xLH198 86. 1 20. 9 85. 9 1. 0 5. 2 0. 0 226. 8 107. 3 71. 5 73. 0 220. 3 51. 1 
17 [BSll*lxCML323 -29XLH198 88. 4 21. 3 85. 8 1. 4 5. 8 0. 0 225. 8 106. 2 71. 4 73. 0 223. 0 52. 2 
18 [BSll*lxCML323 -30XLH198 89. 5 21. 2 85. 7 0. 6 8. 6 0. 0 233. 2 106. 6 72. 3 73. 5 219. 0 51. 9 
19 [BSll*lxCML323 -35XLH198 87. 8 21. 6 86. 2 1. 9 9. 2 0. 0 238. 9 112. 8 73. 2 74. 5 222. 0 49. 5 
20 [BSll*lxCML323 -38XLH198 85. 6 21. 5 85. 8 0. 8 12. 4 0. 0 240. 0 114. 6 72. 7 73. 5 222. 8 46, 5 
21 (BSll*lxCML323 -41xLH198 89. 9 21. 4 87. 0 1. 0 7. 7 0. 4 233. 8 115. 4 72. 0 72. 8 221. 0 52, 4 
22 (BSlinxCML323 -44XLH198 89. 9 20. 7 87. 8 0. 7 6. 8 0. 0 238. 1 110. 8 72. 2 73. 4 221. 3 53, 5 
23 [BSll*lxCML323 -45XLH198 85. 9 21. 5 88. 2 2. 7 5. 2 0. 0 235. 7 111. 7 73. 4 73. 4 222, 3 49, 9 
24 [BSll*lxCML323 -48xLH198 89. 0 21. 6 87. 6 0. 7 6. 8 0. 0 236. 6 115. 0 72. 6 73. 1 223, 0 52. 2 
25 (BSll*lxCML323 -50xLH198 90. 2 21. 8 86. 1 1. 6 5. 6 0. 0 230. 6 107. 3 72. 3 73. 6 220, 3 53, 3 
26 [BSlinxCML323 -51XLH198 82. 8 21. 1 87. 1 0. 3 11. 0 0.  0 227. 0 104. 5 71. 3 72. 5 222. 8 45. 4 
27 [BSll*lxCML323 -52xLH198 84. 9 22. 2 85. 5 1. 4 10. 7 0. 2 230. 3 107. 4 72. 8 73. 6 226, 5 46. 1 
28 (BSll*lxCML323 -53XLH198 78. 9 22. 5 86. 7 1. 9 8. 9 0. 0 231. 3 111. 0 72. 4 73. 6 224. 8 41. 9 
' Selected testcrosses. 
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Table B12. (continued) 
Ent Pediqree YLD MST STD RTL 
128 [G18CxB73*l]-30xLH185 99. 3 22. 2 86. 3 1 .1 
129 [G18CxB73*l]-31xLH185 108. 4 22. 2 86. 2 3 .7 
130 [G18CxB73*l]-34xLH185 107. 6 21. 4 87. 1 1 .6 
131 (G18CxB73*l]-45XLH185 108. 5 21. 5 87. 6 1 .8 
132 [G18CxB73*l]-48xLH185 106. 4 21. 3 87. 2 1 .6 
133 (G10CxB73*ll-55xLH185 109. 1 22. 5 87. 1 0 .7 
134 [CML327xB73n]-lxLH18B 107. 0 21. 7 87. 4 2 .2 
135 [CML327xB73*ll-2xLH185 103. 6 22. 8 87. 3 2 .0 
136 (CML327xB73*li-9xLHl85 102. 5 21. 7 87. 2 1 .0 
137 [CML327xB73*ll-30xLH185 107. 7 22. 5 87, 5 1 .2 
138 [CML327xB73*l]-31xLH185 108. 3 22, 0 86. 8 4 .2 
139 (CML327xB73*l]-34xLH185 112. 8 22. 2 86. 4 4 .2 
140 (CML327xB73*ll-35xLH185 106. 5 22. 7 88. 1 3 .1 
141 [CML327xB73*l]-37xLH185 109. 3 22. 3 87. 5 1 .8 
142 lCML327xB73*l]-42xLH185 101. 2 21. 9 87. 1 3 .8 
143 B97XLH198 111. 8 20. 6 86. 6 1 .1 
144 B97XLH198 109. 8 20. 8 87. 4 1 .7 
145 B97XLH198 108. 8 20. 9 85. 3 1 .3 
146 BS11(FR)C11 SYN1XLH198 90. 1 20. 5 87. 7 1 .3 
147 BS11(FR)C11 SYN1XLH198 85. 3 20. 8 87. 1 0 .4 
148 BS11(FR)C11 SYN1XLH198 84. 1 21. 0 86. 5 0 .9 
149 BSCB1(R)C13 SYN3XLH198 100. 9 21. 8 86. 5 0 .0 
150 BSCB1(R)C13 SYN3XLH198 96. 3 22. 2 87. 9 0 .3 
151 BSCB1(R)C13 SYN3xLH198 104. 8 21. 5  87. 1 0 .1 
152 BS26(S)C3 SYN3xLH198 96. 4 22. e 97. 7 0 .6 
153 BS26(S)C3 SYN3xLH198 94. 6 23. 0 85. 9 0 .7 
154 BS26(S)C3 SYN3XLH198 87. 7 22.7 85. 9 0 .4 
155 B73XLH185 108. 4 21 1  8 6 .  2 3  .0 
156 B73XLH185 111. 1  21 3  87. 3  2 . 1  
157 B73xLH185 107. 6 20. 7 87 2 1 .0 
158 BS13(S)C8 SYN3XLH185 95. 7  21. 2 87. 1  0 . 3  
159 BS13{S)C8 SYN3xLH185 98. 0 21. 5  86. 3  1  . 1  
160 BS13(S)C8 SYN3XLH185 101. 3  21. 2 85. 9 1  .  1  
SEL 
SKL DE PLT-HT EAR-HT DTP DTS TW INDEX* 
3 .5 0. 4 230. 2 105. 6 70.1 70. 4 223 .0 61. 6 
4 .9 0. 4 230. 4 106. 8 71. 0 71. 0 219 .0 67. 3 
3 .5 0. 4 228. 1 99. 6 70. 4 70. 4 217 ,3 68. V 
2 .7 0. 2 226. 6 100. 6 69. 8 69. 8 216 .3 69. 7' 
3 .5 0. 0 225. 1 100. 8 70. 8 71. 2 213 .8 67. 8' 
3 .5 0. 0 232. 3 100. 4 70. 8 70. 7 220 .3 68. 6' 
3 .7 0. 4 236. 3 102. 3 71. 4 71. 9 219 .3 67. 7' 
5 .3 0. 2 229. 6 103. 1 72. 4 72. 2 222 .0 63. 4 
6 .1 0. 2 231. 6 94. 9 72. 1 71. 7 217 .3 63. 2 
4 . 1 0. 2 240. 2 109. 8 72. 2 71. 5 213 .8 67. 8' 
4 .3 0. 2 232. 1 105. 4 71. 0 71. 2 217 .5 67. 5 
4 .8 0. 6 234. 1 102. 8 71. 4 70. 8 220 .3 70. 7 
4 .0 1. 0 229. 7 104. 1 71. 3 70. 8 215 .5 66. 1 
3 .5 0. 2 233. 7 104. 2 70. 5 70. 5 219 .0 69. 3' 
5 .7 0. 0 232. 5 101. 2 70. 6 70. 5 218 .3 61. 3 
1 .6 0. 0 253. 1 114. 2 72. 1 73. 2 221 .0 73. 8 
2 .8 0. 0 245. 3 107. 0 71. 6 72. 6 220 .0 71. 2 
2 .4 0. 0 252. 4 114. 0 72. 0 73. 5 220 .0 70. 7 
5 .6 0. 0 233. 5 108. 4 72. 8 73. 5 221 .0 54. 3 
9 .4 0. 0 243. 4 116. 6 72. 0 72. 8 220 .3 48. 5 
9 .5 0. 0 239. 7 118. 0 72. 6 73. 2 220 .0 47. 1 
2 .3 0. 0 231. 8 105. 5 72. 1 72. 4 227 .5 64. 2 
2 .8 0. 2 239. 2 108. 9 72. 2 73. 0 221 .0 59. 9 
3 .0 0. 0 238. 5 103. 6 71. 4 71. 9 222 .0 67. 1 
6 .2 0. 0 231. 0 109. 2 72. 9 73. 7 224 .0 57. 6 
8 .2 0. 4 246. 8 117. 6 71. 6 73. 9 224 .0 54. 9 
11 .5 0. 0 252. 2 117. 8 72. 5 74, 0 221 ,0 47 . 9 
4 .3 0. 0 226. 6 100, 8 70. 2 70, 2 216 ,5 68. 6 
2 .8 0. 4 232. 0 103. 0 70. 5 70. 8 214 .5 71. 7 
2 .7 0. 0 229. 8 100. 1 69. 5 69. 5 217 .3 68. 9 
3 .5 0. 0 222. 2 92. 3 70. 0 69. 8 219 .0 59. 7 
2 .4 0. 0 226. 6 95. 6 70. 3 70. 0 222 .8 61. 7 
3 .2 0. 0 211. 5 88. 1 69. 0 69. 3 216 .5 64. 1 
Table B12. (continued) 
SEL 
Ent Pedigree YLD MST STD RTL SKL DE PLT-HT EAR-HT DTP DTS TW INDEX' 
161 BSSS(R)C13 SYN3xLH185 91 .3 21 .5 
CO 
5 1 .7 5. 1 0.4 222. 5 82. 4 69. 6 70 .1 214. 8 54 .7 
162 BSSS(R)C13 SYN3XLH185 91 .7 22 .1 87. 5 1 .7 4. 6 0.2 231. 6 90. 4 69. 8 70 .6 214. 8 54 .8 
163 BSSS(R)C13 SYN3XLH185 89 .2 21 .7 86. 8 2 .3 5. 4 0.2 230. 8 96. 0 69. 5 70 .8 213. 8 52 .5 
164 BS10(FR)C11 SYN1XLH185 90 .7 21 .6 86. 2 0 .7 4. 2 0.2 222. 7 93. 2 71. 2 70 .2 219. 3 54 .9 
165 BS10{FR)C11 SYN1XLH185 90 .1 21 .2 87. 4 0 .8 5. 3 0.2 225. 5 94. 9 70. 5 70 .2 213. 8 54 .1 
166 BS10(FR)C11 SYN1XLH185 93 .7 21 .5 86. 5 0 .3 1. 9 0.2 223. 3 95. 7 70. 5 70 .8 214. 8 58 .8 
167 LH198 X LH185 106 .3 20 .1 87. 2 0 .9 3. 2 0.4 215. 4 89. 9 69. 9 69 .6 218. 3 68 .9 
168 LH198 X LH185 105 .2 19 .9 87. 4 0 .3 5. 8 0.2 220. 2 97. 8 70. 3 69 .5 215. 5 67 .0 
169 LH198 X LH185 108 .3 19 .7 86. 6 0 .3 3. 4 0.0 218. 8 95. 9 69. 5 69 .3 212. 8 70 .9 
LSD(.05), APPROXIMATE 8 .7 1 .2 2. 1 2 .2 4. 6 0.5 14. 2 12. 2 1. 5 1 .4 6. 9 
C V 8 .2 4 .9 2. 4 2 .5 4. 3 0.6 3. 8 8. 0 1, 3 1 .1 2. 1 
GRAND MEANS 95 .7 22 ,0 86. 7 1 .6 5. 1 0.1 231. 2 102. 9 71. 5 71 .9 220. 2 
REPEATABILITY 0 .80 0 .73 0. 41 0 .34 0. 54 0.11 0. 64 0. 74 0. 73 0 .85 0. 50 
' Selected testcrosses. 
I l l  
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